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GEOCHEMICAL ANALYSIS 



D.l.O GEOCHEMICAL ANALYSIS 1 

D.l.l INTRODUCTION 
The geochemical analysis was performed for source term and initial concentration development for the 
vadose zone and groundwater models. Analytical data for the Operable Unit 1 waste areas were 
compiled and screened to identlfy those potential constituents of concern based on the requirements of 

3 

4 

5 

6 the Operable Unit 1 Baseline Risk Assessment (Appendix E). The Operable Unit 1 waste areas consist 
7 

8 

of Waste Pits 1 through 6, the Burn Pit, and the Clearwell. Potential constituents of concern for 
Operable Unit 1 (as defined in Appendix E) are listed in Table D.1-1. 

9 

Provides a summary of the site-specific data of interest to the geochemical 
analysis. 

10 

11 

Presents a conceptual model illustrating the formation of leachate and its 
migration into the groundwater. 

12 

13 

Outlines the geochemical assessment and modeling conducted to estimate 
con taminant concentrations in Leachates A and B for inorganics and 
radionuclides and in the organic leachate. 

14 

15 

16 

Describes the EQ3/6 geochemical code used to perform mineral solubility 
calculations on Leachates A and B. 

17 

18 

Presents model results and other calculations. 19 

Summarizes the model uncertainty including the limitations and 
assumptions required for estimating leachate contaminant concentrations. 

20 

21 

D. 1.2 SITE-SPECIFIC DATA 
Validated data used for deriving leachate concentrations from the waste areas were available from 
several sources: 

22 

23 

24 

Characterization Investigation Study (CIS) Pit Material - Chemical and 
Radiological 

25 

26 

CIS Surface Water - Chemical 27 

Remedial Investigation/Feasibility Study (RI/FS) Pit Leachate - Chemical and 
Radiological 

28 

29 

RI/FS Pit Material - Chemical and Radiological 30 

Toxicity Characteristic Leaching Procedure (TCLP) - Chemical and Radiological 31 
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These data sets are contained in Appendices A and C. Analytical data for the leachate data sets are 
most complete for the RyFS data although pH, actinium, polonium, and protactinium are missing. 
TCLP extract was analyzed for 23 metals and the radionuclides cesium-237, radium-226, radium-228, 
thorium-228, thorium-230, strontium-90, thorium-232, uranium-234, uranium-235/236, and uranium- 
238. There are no general chemistry data for the TCLP data set. Limitations associated with the 
missing data are outlined when model results are discussed (Appendix E.2). Leachate data sets can be 
found in Section 4.0. 

Tabulated results of waste area constituents based on direct sampling of the waste area sludges and 
their corresponding contaminant inventory are presented in Tables D.l-2 through D.l-9. To derive the 
con taminant inventory for each potential constituent of concern for each waste area, the maximum 
upper confidence limit concentration from the CIS or R4FS Pit Material data sets for each potential 
constituent of concern was multiplied by the waste volume and dry density for that waste area (See 

Section D.3.0 for waste volume and dry density information). 

D.1.3 DEVELOPMENT OF THE CONCEF'TUAL MODEL 
In the geochemical assessment of leachate formation, the events leading to the failure of the waste pits 
and exposure of the waste to precipitation are not considered. It is assumed that such failure does 
occur, and the waste is available for chemical reactions with falling precipitation followed by 
migration of leachate into underlying glacial deposits where further reactions take place. The 
conceptual scenario used to model the release of contaminants from Operable Unit 1 waste pits is 
illustrated in Figure D.l-1. For inorganics and radionuclides, rainwater infiltrates the waste pits and 
reacts with inorganic waste solids to form a waste leachate, referred to as Leachate A. Subsequently, 
Leachate A migrates into the underlying glacial overburden, if present, and reacts with the naturally 
occurring minerals to form a modified leachate, referred to as Leachate B. Leachate B is used to 
constrain the initial contaminant concentrations for the groundwater fate and transport model (vadose 
zone model in Section D.3.6). For organic constituents, a leachate concentration is derived from 
reaction - of rainwater with solids. This leachate concentration is assumed to be unchanged by reaction 
with the glacial overburden materials. 

As long as Leachate A remains in contact with the solid waste phases, the solution will retain its high 
pH property. However, when Leachate A migrates into the underlying glacial overburden, which is 
dominated by carbonate minerals, the solution chemistry of Leachate A will change to reflect the 
physical and chemical conditions of its new surrounding. Perched groundwater in the glacial 
overburden contains abundant bicarbonate ion (350 to 500 mg/L; (Table 15-1 DOE 1990b)), and it is 
expected that pore water will have a chemical composition similar to the perched groundwater. As 
Leachate A migrates into the glacial overburden it will mix with pore water, resulting in a pH decrease 
and possible mineral precipitation (e.g., Ca'2 + OH- + HCO; c - > CaCO, + H,O). In this reaction, 
calcium and hydroxide ions provided by Leachate A are free to react with bicarbonate ion h the pore 
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water to form calcite and water. Such a reaction is likely because the perched groundwater, and by 
inference the pore water, is calculated to be saturated with respect to calcite. This type of reaction, 
and many others, will modify Leachate A as it migrates into the glacial overburden, and this modified 
leachate is referred to as Leachate B. Therefore, the conceptual model is set up to account for the 
distinct chemical reactions that occur in the different environments. 

1 

2 

3 

4 

5 

0 

D.1.4 ESTIMATION OF LEACHATE CONCENTRATIONS 
To estimate source terms for the Operable Unit 1 Study Area, the approach for estimating leachate 
concentrations for the inorganics and radionuclides was separated from the organics. Geochemical data 
collected for the Operable Unit 1 Study Area were assessed in conjunction with mineral solubility 

~ 

Minerals in the glacial overburden underlying the waste units have been characterized (Solebello 6 

7 

8 

9 

10 

1 1  

1991). The minerals were titrated into a rainwater solution at various rates to simulate the 
development of groundwater collected from the glacial overburden. When results for major 
constituents in the modeled groundwater agreed with the range of values reported for groundwater 
collected from the glacial overburden, the corresponding mineral titration rates that produced the 
simulated groundwater were fmed for subsequent model runs involving Leachate A and glacial 
overburden minerals. 12 

D.1.4.1 Methodolorn for Inorganics and Radionuclides 
As shown in Figure D.l-2, the preferred data for estimating contaminant concentrations in Leachate A 
are analyses of in situ leachate. When these data are unavailable, an approach of using the best 
available data, the surface water or TCLP data, is followed. If in situ leachate or surface water 
analyses indicated that the compound was not detected and it was detected in the pit material for the 
subject waste area, then the concentration of the particular potential constituent of concern was 
conservatively estimated as the maximum detection limit value. TCLP data are screened to determine 
if the use of a contaminant concentration determined by the TCLP test would result in depletion of the 
contaminant inventory in less than 70-years. If the use of the TCLP concentration does not deplete the e 
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ry in less than 70 years it is used to estimate Leachate A, but if its use depletes Y!! 1 ss than 70 years it is discarded and the contaminant concentration moves to the next 
level of the hierarchy, mineral solubility calculations. Mineral solubility calculations are carried out 
for contaminants that lack in situ and TCLP data, or for contaminants which fail the TCLP screening. 
Inorganic and radionuclide contaminants that lack in situ and TCLP data and cannot be constrained by 
mineral solubility calculations are passed along to the 70-year rule calculation to estimate their 
Leachate A calculation. After all contaminant concentrations in Leachate A are constrahed, a 
computer simulation reacts Leachate A with the glacial overburden minerals to produce Leachate B. 

The logic behind using this decision hierarchy is to apply the best available site-specific data to the 
estimation of leachate compositions. Each successively lower step on this hierarchy represents a more 
conservative method for estimating contaminant concentrations in leachate. For example, using TCLP 
when in situ or surface water data are unavailable results in estimating a leachate composition derived 
by leaching with acid rather than rain water. The acetic acid leaching results in greater concentrations 
for many metals in leachate because acetic acid degrades into the acetate ion, which is effective at 
complexing metals. 

Contaminant concentrations in Leachate B are used as initial input concentrations in the vadose zone 
fate and transport model. If a lower contaminant solubility limit was not reached during the reaction 
of Leachate A with pore water (perched groundwater) or with glacial overburden minerals, contami- 
nant concentrations in Leachate A and B are identical. 

In modeling the conceptual scenario, Leachate A was constrained by in situ leachate or surface water 
analyses, TCLP data, and the 70-year rule prior to reacting Leachate A with glacial overburden or pore 
water. Leachate A exits at the base of Operable Unit 1 Study Area and migrates downward through 
the glacial overburden underlying the waste pits, where it is assumed to equilibrate with the minerals 
in the glacial overburden instantaneously. This assumption is a requirement of the mathematical 
model because of the lack of kinetic data on the dissolution and precipitation rates of minerals in the 
glacial overburden. Leachate A is free to react with minerals in the glacial overburden to form 
Leachate B, and the concentration of contaminants in the leachate may be lowered by precipitation of 
solids. Leachate B is used to estimate the initial contaminant concentrations for the vadose zone 
model. 

In accordance with the conceptual scenario stated above, contaminant concentrations reported for 
Leachate B will be lower than those for Leachate A when dissolution/precipitation reactions between 
Leachate A and glacial overburden minerals result in a pH for Leachate B that corresponds to a 
solubility minimum for the mineral controlling the contaminant of concern. For example, beryllium 
oxide (BeO) is more soluble at pH values greater than 9 than those less than 9. Therefore, beryllium 
concentrations in Leachate A will be greater than those in Leachate B when pH values in Leachate A 
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are greater than 9 and in Leachate B less than 9. Conversely, contaminants in Leachate A 6 9 t  are, 
controlled by in situ leachate analyses or TCLP values cannot increase their concentration in Leachate 
B by reaction with glacial overburden minerals, because waste elements are assumed to be absent in 
the glacial overburden. Therefore, contaminant concentrations in Leachate A are estimates of 
maximum values, and these values may only be lowered by reaction with glacial overburden minerals. 
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D 

Leachate A is modified by dissolution of minerals in the glacial overburden or by mixing with pore 6 

I 

8 
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10 

water (perched groundwater) and precipitation of secondary mineral phases. Secondary minerals repre- 

present in the glacial overburden initially. When the reactions between Leachate A and glacial 
overburden minerals achieve thermodynamic equilibrium, the modified leachate is referred to as 

sent phases that are stable in the presence of Leachate A and glacial overburden, but may not be 

Leachate B. 11 

In Situ Leachate 12 

In situ leachate reflects the complex interactions that take place between the waste solids and contact 
solution at the waste environment. Duplicating these conditions in laboratory tests is difficult and time 

13 

14 

15 

16 

consuming. The method describing the sampling and testing procedure can be found in the sampling 
and analysis plan (DOE 1992). 

Toxicitv Characteristic Leaching Procedure 17 

When in situ leachate or surface water data are unavailable, available TCLP data are used to constrain 18 

19 

20 

21 

22 

23 

24 

1 
the contaminant concentrations in Leachate A. TCLP data are derived by leaching the waste with 

in situ leachate) results in estimates of contaminant concentrations that may be too high. That is, a 
conservative uncertainty is likely to be introduced into the estimation of leachate compositions. This 
occurs because acetic acid degrades into the acetate ion, which is very effective at complexing heavy 
metals in solution and maintaining their concentrations above expected solubility levels. 

acetic acid. The use of acetic acid as the leachant (rather than rainwater which acts as the leachant for 

Geochemical Modeling 25 

For inorganics and radionuclides, mineral solubility calculations can be performed to estimate the 26 

n 
28 

29 

30 

31 

concentration of constituents in Leachate A when in situ, surface water, or when TCLP data are 
unavailable or inappropriate. The concept of mineral solubility may be illustrated by placing the 

these conditions, the equilibrium lead concentration in solution is 1.1 mg/L, which is referred to as the 
mineral cerussite (PbCO,) into distilled water at 25 degrees C and a pressure of 1 atmosphere. Under 

solubility limit for lead in distilled water contacting cerussite at 25 degrees C and 1 atmosphere. 
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k- Mineral solubility calculations were performed to estimate leachate compositions using the EQ3/6 

computer code and thermodynamic data on mineral solubilities. The calculation of contaminant 
concentrations from mineral solubility data was restricted to inorganic chemicals and radionuclides, as 
thermodynamic data for organic constituents are unavailable. 

After all constituent concentrations in Leachate A have been constrained for inorganics and 
radionuclides, the second reaction step is modeled to estimate the constituent concentrations in 
Leachate B. Reactions between Leachate A and pore water and/or minerals in the glacial overburden 
can result in changes in solution pH and major-ion concentrations with concomitant mineral 
precipitation. These reactions may be favorable for lowering contaminant concentrations in Leachate 
A. The modeling of Leachate B accounts for this type of scenario. Therefore, if a contaminant 
concentration is lowered by chemical reactions in the glacial overburden, or with pore water, the lower 
concentration is used to estimate the composition of Leachate B. If a contaminant concentration is 
unaffected by chemical reactions in the glacial overburden, its Leachate B concentration is assumed to 
be identical to Leachate A. This last assumption results in a Leachate B concentration on the high 
side because dilution of Leachate A and adsorption of constituents of concern- are not considered in the 
geochemical model (dilution and adsorption are considered in the fate and transport model). 

Mineral solubility calculations can also be carried out using Leachate A and minerals present in the 
glacial overburden to derive Leachate B compositions. When mineral solubility calculations are 
performed, in situ leachate acts as the leachant and it is assumed to equilibrate with glacial till 
minerals or pore water instantaneously. This assumption is a requirement of the mathematical model 
because kinetic data on minerals are unavailable to assess the time needed for dissolution of mineral 
phases to occur. As the leachant approaches thermodynamic equilibrium with the till minerals or pore 
water, minerals dissolve to increase the solute mass (Le., total dissolved solids [n>S] increases) and 
minerals that become saturated are allowed to precipitate. These reactions continue until the leachate 
reaches thermodynamic equilibrium with the till minerals or pore water (Le., constituents in the 
leachate reach a steady-state concentration), at which point it is referred to as Leachate B. 

Because the mineral solubility calculations to derive Leachate A require knowledge of the minerals 
present in the waste, and this knowledge is unavailable; therefore, no mineral solubility calculations 
were carried out for Leachate A. Therefore, none of the contaminant concentrations in Leachate A are 
constrained by mineral solubility calculations. 

EPA 70-Year Rule 
When in situ and TCLP data are lacking and mineral solubility calculations fail to constrain a 
con taminant concentration in Leachate A, the EPA 70-year rule is the suggested guidance for 
estimating leachate compositions (EPA 1988). The 70-year method is based on the assumption that 
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: . 
the contaminant inventory will be depleted within this time period, which is assumed to equal the 1 

average lifetime of a human being. e 
D.1.4.2 Methodolorn for Organic Comwunds 
Figure D.1-3 illustrates the approach for estimating the leachate concentrations for organic compounds 
used in the vadose zone models. Each successively lower step in this hierarchy represents a more 
conservative method for estimating the contaminant concentrations in the organic leachate. In situ 
leachate analyses values were the preferred leachate information. As shown on the diagram, only one 
organic leachate concentration is derived for each organic compound. When in situ leachate analyses 
data were not available and CIS surface water analyses data were available, these values were used. 
If the analyses for either in situ leachate or CIS surface water analyses indicated the compound was 
not detected and it was detected in the pit material for the subject waste area, the concentration for a 
particular potential constituent of concern was conservatively estimated as the maximum detection 
limit value. When in situ leachate and CIS surface water analyses data were not available and TCLP 
data were available, these values were used if the contaminant inventory in the source volume is 
depleted in greater than 70 years. If the depleted time is less than 70 years, then the EPA 70-year rule 
is used to calculate the leachate concentrations. 
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Specific details for the use of TCLP and EPA 70-year rule as constraints in developing the organic 11 

18 

19 

leachate compositions are similar to those described in Section D.1.4.1 for Leachates A and B for 
inorganics and radionuclides and are not described in this section. a 
D.1.4.3 Estimation of Inorganic and Radionuclide Concentrations 20 

Leachate A and B results are summarized in Tables D.1-10 through D.1-17. The estimation of the 
Leachates A and B for Operable Unit 1 waste areas is described below. 

\ 21 

22 

Leachate A 23 

Leachate A was constrained by in situ or surface water analyses (or the maximum detection limit if no 
analysis for the particular element or constituent was above the detection limit), TCLP data, or the 
EPA’s 70-year rule. Leachate B is the same as Leachate A for the wet pits (Pits 5 and 6, and the 

waste materials; therefore, no geochemical modeling of leachates was performed for Pits 5 and 6 and 

(till) minerals according to the decision hierarchy (Figure 0.1-2). For Pit 4 and the Burn Pit, Leachate 

24 
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Clearwell) because of the lack of general chemistry data and incomplete chemical analyses of solid n 
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34 

the Clearwell. For Pits 1.2, and 3, Leachate B was calculated by reaction with the glacial overburden 

B was modeled by mixing (or titrating) Leachate A into a perched groundwater sample from well 1027 
using mean values (bicarbonate was modeled by equilibrium with calcite) (Appendix C-4, February 
1993 Operable Unit 1 Report). The minimum ratio of perched groundwater to Leachate A is 1O:l .  
Usually a higher mixing ratio was sufficient to saturate the solution in those phases that would 
solubility limit Leachate B concentrations (e.g., barite, bromellite, calomel, silver metal, 
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etc.). The logic for using a glacial overburden pore water (perched groundwater) is that the interstitial 
aqueous fluids have had time to ewibrate  with the glacial materials and thus there is no need to react 
till minerals with Leachate A. However, for Pits 1, 2, and 3, the perched groundwater sand lens is not 
present due to excavation, and Leachate B must be determined by geochemically modeling the reaction 
of Leachate A with till minerals. 

Leachate B 
after contaminant concentrations in Leachate A are estimated, the EQ3/6 geochemical code was 
utilized to obtain an estimate of Leachate B by simulating reactions between Leachate A and minerals 
in the glacial overburden or by mixing with perched groundwater (assumed pore water in glacial 
overburden). During this simulation, several mineral solubility limits were reached, and many 
contaminants have their concentration in Leachate B constrained by mineral solubility (Tables D.l-10 
through D.l-17). More soluble elements, such as antimony, arsenic, boron, cadmium, cobalt, copper, 
cyanide, molybdenum, nickel, selenium, tin, and vanadium were not included in any geochemical 
modeling. Uranium was also not included in modeling because of its complexing with tributyl 

Seventy-year rule calculations were carried out in the wet pits (Pit 5 ,  Pit 6, and the Clearwell) for 
cyanide (Pit 5). molybdenum (Pit 5 and the Clearwell), radium-226 (Pit 5). neptunium-237 (Clearwell) 
and tin (Pit 5 ,  Pit 6, and the Clearwell) and for benzo(@)fluoranthene in Pit 2 using inventory data 
presented in Appendix A. 

phosphate, which makes it more soluble than the model that does not include this organic contaminan t. 

Results for Leachates A and B are summarized in Tables D.l-10 through D.l-17, and are discussed in 
Section D.1.5. These tables contain results for potential constituents of concern only, although major 
leachate constituents (anions and cations, e.g., Ca", SO:, etc.) were modeled also. 

D. 1.4.4 Estimation of Organic Leachate 
Organic leachate results are summarized h Tables D.l-18 through D.l-25. The estimation of the 
organic leachate for Operable Unit 1 waste areas is described below. 

The organic leachate was constrained by in situ leachate for Pits 1,2,  3, and 4 and the Bum Pit. 
Surface water analyses were available for Pits 5 and 6 and the Clearwell, and these were used to 
estimate in situ leachate compositions for several contaminants. T U P  data were not used to constrain 
any organic leachate concentrations. The 70-year Rule calculations were carried out for several 
organic constituents in Pit 3 and the Clearwell. 

D.1.4.5 Summary 
In summary, site-specific data are used to estimate Leachate A and organic leachate compositions 
when they are available and appropriate. Leachate compositions are generally estimated using a 
combination of in situ, surface water, and TCLP data. Constraining leachate compositions with in situ 

D-1-8 

1 

'4 3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

34 33 4 



leachate, TCLP data, and the surface water data provides the most defensible estimates of contaminant . . .: I 

concentrations in leachate by using available site-specific data on Operable Unit 1 waste. For 
inorganics and radionuclides, Leachate A is reacted with minerals in the glacial overburden or by 
mixing with perched groundwater (pore water) to take credit for chemical reactions that will lower 
some constituents of concern. The modification of Leachate A by these reactions produces Leachate 

con taminant concentrations in the groundwater fate and transport model. 
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B. Contaminant concentrations in Leachate B and the organic leachate are used as the initial 

D. 1.5 DISCUSSION OF RESULTS AND OBSERVED DATA 8 
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11 

Results of the geochemical assessment for the Operable Unit 1 waste pits are given in Tables D.l-10 
through D.l-25. Leachates A and B for inorganics and radionuclides and the organic leachate 
concentrations were developed using the approach outlined in Figures D.l-2 and D.l-3. 

D.1.5.1 Leachate A and B for Inorganics and Radionuclides 12 

While the entire list of potential inorganic and radionuclide constituents of concern as defined in Table 
D.l-1 are shown on Tables D.l-10 through D.l-17, leachate concentrations are provided only for those 
constituents detected in the pit materials for the subject waste area. 

13 

14 

15 

For Pit 1 (Table D.1-lo), in situ leachate analyses are available for ammonia, antimony, arsenic, 
barium, beryllium, boron, cadmium, cesium, chromium, cobalt, copper, cyanide, lead, manganese, 
mercury, molybdenum, nickel, radium, silver, strontium, thorium, uranium, vanadium, and zinc. Only 
the technetium concentration is constrained by TCLP data. M e r  reacting Leachate A with glacial 
overburden minerals using EQ3/6, results for Leachate B indicate that beryllium, chromium, 
manganese, mercury, strontium, thorium, and zinc concentrations have been lowered by mineral 
solubility. The remaining contaminant concentrations in Leachate B are identical to Leachate A. 

1 

Leachate A results for Pit 2 (Table D.1-11) show ammonia, antimony, arsenic, barium, beryllium, 
boron, cadmium, chromium, cobalt, copper, cyanide, lead, manganese, mercury, molybdenum, nickel, 
nitrate, plutonium, radium, ruthenium, selenium, silver, strontium, thallium, Uranium, vanadium, and 
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zinc concentrations are constrained by in situ leachate analyses. 
constrained by TCLP data. 

Technetium and thorium are 26 
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After reacting Leachate A with glacial overburden minerals using EQ3/6, 
results for Leachate B (Table D.1-11) indicate that barium, beryllium, chromium, manganese, mercury, 

remaining con taminant concentrations in Leachate B are identical to Leachate A. 

plutonium, strontium, thorium, and zinc concentrations have been lowered by mineral solubility. The 

Results for Pit 3 are given in Table D.l-12. Leachate A concentrations for ammonia, antimony, 

mercury, molybdenum, nickel, nitrate, plutonium, selenium, silver, strontium, technetium, thallium, tin, 
uranium, vanadium, and zinc are constrained by in situ leachate analyses. Radium and thorium are 

31 

32 

33 

34 

arsenic, barium, beryllium, boron, cadmium, chromium, cobalt, copper, cyanide, lead, manganese, 
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data. After reacting Leachate A with glacial overburden minerals using EQ3/6, 
results for Leachate B (Table D.l-12) indicate that barium, beryllium, manganese, mercury, plutonium, 
silver, strontium, thorium, and zinc concentrations have been lowered by mineral solubility. The 
remaining con raminant concentrations in Leachate B are identical to Leachate A. 

In Pit 4 (Table D.1-13). Leachate A concentrations for ammonia, antimony, arsenic, barium, beryllium, 
boron, cadmium, chromium, cobalt, copper, cyanide, lead, manganese, molybdenum, nickel, plutonium, 
radium, selenium, silver, strontium, technetium, thorium, tin, uranium, vanadium, and zinc are 
constrained by in situ leachate analyses. Neptunium is constrained by TCLP data. After reacting 
Leachate A with pore water (perched groundwater) using EQ3/6, results for Leachate B (Table D.l-12) 
indicate that barium, chromium, manganese, mercury, neptunium, plutonium, silver, strontium, 
thorium, and vanadium concentrations have been lowered by mineral solubility. The remaining 
contaminant concentrations in Leachate B are identical to Leachate A. 

Leachate A results for Pit 5 (Table D.l-14) show antimony, arsenic, barium, beryllium, cadmium, 
chromium, cobalt, copper, lead, manganese, mercury, nickel, vanadium, and zinc concentrations are 
constrained by TCLP data. Cesium, neptunium, plutonium, ruthenium, selenium, silver, strontium, 
technetium, thallium, thorium, and uranium are constrained by in situ or surface water analyses and 
cyanide, molybdenum, radium, and tin by the 70-year rule. All contaminant concentrations in 
Leachate B are identical to Leachate A. 

For Pit 6 (Table D.1-15), analyses are available for arsenic, barium, beryllium, lead, manganese, 
nickel, silver, thallium, and zinc and these concentrations are constrained by TCLP; and cadmium, 
chromium, cobalt, copper, cesium, neptunium, plutonium, technetium, thorium, radium, strontium, 
uranium and vanadium, by surface water or in situ data. Only tin is constrained with the 70-year rule. 
All contaminant concentrations in Leachate B are identical to Leachate A. 

Results for the Burn Pit (Table D.1-16) show antimony, arsenic, barium, beryllium, boron, cadmium, 
chromium, cobalt, copper, cyanide, lead, manganese, mercury, molybdenum, neptunium, nickel, 
plutonium, radium, selenium, silver, uranium, vanadium, and zinc concentrations are constrained by in 
situ leachate analyses. Technetium and thorium concentrations are set using TCLP data. After 
reacting Leachate A with pore water (perched groundwater) using EQ3/6, results for Leachate B (Table 
D.l-16) indicate that barium, beryllium, lead, manganese, mercury, neptunium, plutonium, silver, 
strontium, thorium, and zinc concentrations have been lowered by mineral solubility. The remaining 
contaminant concentrations in Leachate B are identical to Leachate A. 

In the Clearwell all Leachate A concentrations (except Mo and Sn) are constrained by surface water 
data (Table D.1-17), TCLP data are unavailable and molybdenum, neptunium and tin concentrations 
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are fixed using the 70-year rule. All contaminant concentrations in Leachate B are identical to 
Leachate A. D 
Several observations on the data presented in Tables D.l-10 through D.l-17 warrant further discussion 
to clarify differences in reported concentrations for a given element. For any given contaminant 
concentration constrained by the 70-year rule, its concentration in Leachate A or B is proportional to 
its inventory abundance in the waste unit. Therefore, a waste unit with a higher contaminant inventory 
will yield a higher contaminant concentration when the 70-year rule is applied. In general, the same 
argument can be applied to contaminant concentrations constrained by TCLP data. That is, a waste 
unit with a higher contaminant inventory will generally yield a higher TCLP concentration for that 
element. 

D.1.5.2 Organic Leachate 
Results for organic leachate concentrations for Pits 1 through 6, the Burn Pit, and Clearwell are 
presented in Tables D.l-18 through D.l-25, respectively. While the entire list of potential organic 
constituents of concern for Operable Unit 1 as defined in Table D.l-1 are shown on each of these 
tables, leachate concentrations are provided only for organic constituents detected in the pit materials 
for the subject waste area. 

In situ leachate analyses were available for organic constituents of concern for Pits 1,  2, 3.4, and the 
Burn Pit (Tables D.l-18, D.l-19, D.l-20, D.1-21, and 0.1-24). When the in situ leachate analyses 
indicated that the constituent was not detected, the organic leachate concentration was conservatively 
estimated as the maximum detection limit value. 

b 

CIS surface water analyses were available for Pits 5 and 6 and the Clearwell (Tables D.l-22, D.l-23, 
and 0.1-25). For all constituents except Aroclor-1254 and tetrachloroethene in Pit 6, constituents of 
concern were not detected and the organic leachate concentration was conservatively estimated as the 
maximum detection limit value. 

TCLP data were not used to constrain any organic leachate concentrations. 

The EPA 70-year rule was used to calculate organic leachate concentrations for 
benzo(g,h,i)fluoranthene in Pit 2 (Table D.l-l9), acenaphthylene and pentachlorophenol in Pit 3 (Table 
0.1-20), and the majority of the constituents of concern in the Clearwell (Table 0.1-25). 
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D.1.6 UNCERTAINTIES IN MODEL RESULTS 
D. 1.6.1 EQ3/6 Code Background 

Mineral solubility calculations were performed with the EQ3/6 industry-standard geochemical 
computer code. EQ3/6 was developed at Lawrence Livermore National Laboratory (Wolery 1983; 
Daveler and Wolery 1992; Wolery 1992 a,b,c) for predicting the behavior of metals, radionuclides, and 
other contaminants in the  mal environment. The EQ3/6 computer code performs solubility and 
speciation (aqueous form) calculations and reaction-path modeling. These calculations involve the 
simultaneous solution of equations describing the mass balance of each component, mass action 
expressions for solubility equilibrium, oxidation/reduction reactions, and electrical balance constraints. 
Activity coefficients of aqueous species are approximated with the B-dot equation of Helgeson (1969). 
which are valid up to the ionic strength of seawater (about 0.7). None of the leachate samples 
modeled for Operable Unit 1 waste units exceeded an ionic strength of 0.2. 

The EQ3/6 code accesses a data base containing the thermodynamic properties of 78 elements, 862 
aqueous species, 886 minerals, and 76 gases. This data base includes 57 aqueous uranium species and 
160 uranium-bearing minerals, constituting the most complete data base available for modeling the 
behavior of uranium in ~ t u r a l  waters. EQ3/6 has been validated using standard geochemistry 
problems, such as the speciation of seawater (Nordstrom 1979), basalt/seawater interactions (Bowers et 
al. 1985). and numerous comparisons with experimentally determined mineral solubilities (Jackson 
1988). Benchmark comparisons with the results of similar codes (e.g., PHREEQE) have been 
performed by INTERA (1983), Nordstrom (1979), Kincaid and Morey (1984). and Kemsk (1981). 

EQ3 is the portion of the code that calculates the initial aqueous species distribution with user- 
provided concentration data and computes the saturation indices (SI) of pertinent minerals. The SI is 
defined as log (QJK), where Q equals the ion activity product and K equals equilibrium constant. An 
SI of greater than.zer0, zero, and less than zero corresponds to a mineral that is supersaturated, 
saturated, and undersaturated, respectively. After computing the speciation model, EQ3 computes a 
mass balance for each chemical element and performs a charge balance. This information is stored in 
a Ne that is used as input to EQ6. EQ3 differs from EQ6 in that EQ3 identifies minerals that are 
supersaturated and undersaturated, but (unlike EQ6) EQ3 cannot precipitate and dissolve the pertinent 
mine&. 

The EQ6 code performs reaction-path calculations. Reaction-path (chemical evolution) modeling 
simulates a sequence of thermodynamic equilibrium problems in reacting systems consisting of water 
and minerals or other solids. The reacting system may consist of water that migrates through, and 
equilibrates with, waste solids and natural minerals in compositionally distinct horizons. For this case, 
rainwater reacts with Operable Unit 1 waste to form Leachate A followed by migration and reaction 
with underlying glacial overburden minerals to form Leachate B. The chemical evolution of the 
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reacting system is driven by dissolution and precipitation of minerals or solids and/or by changes in 
temperature and pressure. Along each step of the reaction path, the EQ6 code computes the 
precipitation and dissolution of minerals based on mass action expressions for solubility equilibrium 
with water. Thus, EQ6 differs from EQ3 by allowing supersaturated minerals (SI greater than 0) to 
precipitate from solution and undersaturated minerals (SI less than 0) to dissolve. 

B 

D. 1.6.2 Limitations and Assumptions of Mineral Solubility Calculations 
The EQ316 geochemical code estimates contaminant concentrations by calculating mineral solubilities 
in water/solid systems. These calculations have the following limitations and assumptions: 

Limited number of organic constituents can be modeled, which can lead to low 
estimates of leachate concentrations for some inorganic constituents if organic 
complexation occurs with constituents not present in the database (e.g., lead complexed 
with acetate ion). 

Dissolution and precipitation kinetics are instantaneous, which can lead to estimated 
concentrations that are too high or too low. 

Adsorption processes are not evaluated with the EQ3/6 model. 

Modeled concentrations are site-specific solubility limits, and in most cases these 
concentrations are the highest concentrations that can exist in solution. 

1 Dissolution of crystalline solids is rarely instantaneous or complete in the natural environment, except 
for some highly soluble salts like sodium chloride, which can lead to high estimates of contaminant 
concentrations. Assuming instantaneous precipitation of mineral phases can lead to low estimates of 
element concentrations if the mineral such as dolomite is difficult to nucleate and crystallize in the 
natural environment (e.g., dolomite). Finally, the calculated solubility concentrations may be too high 
because adsorption reactions are not considered. Adsorption reactions can substantially lower some 
con taminant concentrations below the calculated solubility limit (e.g., Cs’). 

D.1.6.3 Uncertainty in Estimatinn Leachate Commsitions 
Uncertainty is introduced into the estimation of leachate compositions whenever in situ leachate 
analyses are lacking. Surface water analyses used to estimate leachate composition probably reflect 
diluted in situ leachate residing within the void space of the waste. Given that dilution will occur 
when the leachate migrates into the underlying glacial overburden, the use of actual surface water 
analyses probably introduces less uncertainty than other types of data or methods used to calculate the 
leachate composition. The use of TCLP data to estimate leachate composition will probably result in 
contaminant concentrations that are greater than values expected for in situ leachate. As mentioned 
previously, this occurs due to the breakdown of acetic acid to acetate ion followed by the 
complexation of metals in the leachate. Calculations carried out to estimate contaminant 
concentrations using the 70-year rule will introduce a large conservative uncertainty for all but the ) 
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most soluble contaminants (e.g., bromide and cesium). The possibility exists to underestimate the 

EQ3/6 geochemical code to perform mineral solubility calculations requires that several assumptions 
be made about the mineralogy of the waste, the kinetics of the reactions, and the lack of treatment of 
organic constituents. The uncertainties associated with these assumptions are discussed in Section 

1 

' 4  con taminant concentration when the 70-year rule is applied to very soluble constituents. Using the 

3 

4 

5 
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TABLE D.l-1 
r- c D LIST OF POTENTIAL CONSTITUENTS OF CONCERN FOR O P E i D L E  i RI - 

Potential Constituents of Concern' 

Antimony 

Arsenic 

BariW 

Beryllium 

Boron 

Cadmium 

chromium 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

b Mercury 
Molybdenum 

Nickel 

Selenium 

silver 
m u m  
Tin 

VZUU!iUm 

zinc 

Organics 

123.7.8- 

Pentachlorodibenzofuran 

2,3,4,7,8- 

Pentachlorodibemfuran 

2,4J-Trichlorophenol 

4,4-DDT 

4-Nitroaniline 

CNitrophenol 

Acenaphthene 

Anthracene 

Aroclor-1221 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Bem(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluomthene 

Bem(ghi)perylene 

Benu>(ghi)fluoranthene 

Bem(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibemfuran 

Heptachlorodibemqxhoxin 

Hexachlorodibenmfuran 

Hexachlorodibenzo-pdoxin 

Indene( 12,3-cd)pyrene 

Naphthalene 

Octachlorodibemfuran 

Oc tachlorodibem-p-dioxin 

Pentachlorophenol 

Phenanthrene 

Pyrene 

Tetrachlorodibemfuran 

Te trachloroethene 

Vinyl Chloride 

Radionuclides 

Cesium-1 37 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Radium-226 

Ruthenium-106 

Strontium-90 

Technetium-99 

Thorium-230 

ThOnum-232 

Uranium-234 

Uranium-235 

Uranium-238 

> t  Zist of potential constituents of concern represent union of constituents detected in any OU1 Waste' 
Area. 

I 

00% 
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TABLE D.1-2 

Potential Constituents of Concern UCL on Mean Concentration 
in Pit Materialb" 

Contaminant Inventory 
in the Wasted 

Radionuclides 

Cairn-137 

Neptunium-237 

Plutoni~m-23 8 

Plutonium-239/240 

Radium-226 

Ruthenium-106 

Strontium-90 

Technetium-99 

Th0riUm-230 

Th~fi~m-232 

uranium-234 

Urani~m-235/236 

Uranium-238 

1.26 x lo4 

NA' 

NA 

NA 

8.76 x 105 

NA 

3.44 x lo4 

8.84 x lo* 
2.70 x lo-' 

1.20x I d  

1.44 x lo-' 

8.28 x 10' 

3.12 x le 

7.78 x 10' 

0.00 

0.00 

0.00 

5.39 x I d  

0.00 

2.12 x lo" 

5.44 x l@ 

i.66x io7 
7.37 x 1 o ' O  

8.89 x 106 

5 . 1 0 ~  lop 

1.92 x lou 

- Inorganics 
~~ 

Antimony 

Cadmium 

chromium 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

Mercury 

8.89 x 10' 

1.13 x 10' 

4.05 x 102 

8.21 x lo" 

1.22 x ld 
1.62 x 10' 

2.26 x le 
3.38 x 10' 

8.00 x 10' 

7.3 x lo-' 

3.66 x 10' 

2.13 x I d  

3.0 x 10" 

5.47 x lop 

6.96 x lo" 

2.49 x 10" 

5.05 x lo" 

7.52 x 10" 

9.95 x lo" 

1.39 x 10" 

2.08 x 109 

4.93 x lop 

4.49 x io7 
2.25 x lop 

1.31 x 10'' 

1.85 x io7 
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TABLE D.1-2 

4 
(Continued) 

UCL on Mean Concentration 
in Pit Materidb.' 

Contaminant Inventory 
in the Wasted Potential Constituents of Concern 

Molybdenum 2.57 x 10' 1.58 x 109 

Nickel 4.71 x 10' 2.90 x 109 

Selenium NA 0.00 

silver 1.22x I d  7.54 x 109 

Thallium 4.6 x lo" 2.83 x io7 
Tin NA 0.00 

VaMdiUm 9.57 x 10' 5.89 x 109 

zinc 3.67 x 10' 2.26 x 109 

Organics 

1,2,3,7,8-Pentachlorodibenzofuran 

2,3,4,7,8-Pentachlorodibenzofuran 

. 2.4J-Tri~hl0r0phen01 

B 4,4-DDT 

4-Nitrophenol 

4-Nitroaniline 

Ancenaphthene 

Anthracene 

Aroclor-1221 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo( ghi)pery lene 

Bern( ghi)fluoranthene 

Benzo(k)fluoranthene 

) *sene 
Dibenzo(a,h)anthracee 

5.42 x 10-3 

7.50 x io4 

NA ' 

1.60 x loo 

NA 

NA 

NA 

7.4 x 1c2 

4.60 x loo 

7.07 x loo 

9.98 x loo 

7.80 x 10'' 

1 . 8 0 ~  10' 

1.40 x 10' 

3.07 x 10' 

NA 

NA 

1.40x 10' 

4.51 x 10" 

NA 

D-1-17 

3.34 x I d  

4.62 x la' 

0.00 

9.8s x io7 
0.00 

0.00 

0.00 

4.56 x 10" 

2.83 x 108 

4.35 x I08 

6.14 x 108 

4.80 x 108 

1.11 x i o 7  

1.89 x i o 7  

8.62 x 106 

0.00 

0.00 

8.62 x 106 

2.78 x i o 7  

0.00 
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TABLE D.1-2 
(Continued) 

. C' 

-Potential Constituents of Concern UCL on Mean Concentration 
in Pit Materialb 

Contaminant Inventory 
in the Wasted 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibenzofuran 

Heptachldbenzo-@od 

Hexachlorodibenzofuran 

Hexachlomdibenm-@oxin 

Meno( 1,2,3Cd)pyrene 

Naphthalene 

Octachlorodibenzofuran 

OctaChlOrodibe~pdiOd 

Pentachlorophenol 

Phenanthrene 

m e  
Tetrachlorodibenmfuran 

Tetrachloroethene 

Vinyl Chloride 

2.96 x 10' 

1.00x 1$ 

NA 

1.75 x 10-3 

1.45 x 10-3 

2.26 x 10-3 

3.21 x 10-3 

NA 

6.7 x 1C2 

7.60x lo4 
5.40x lo4 

NA 

1.88 x loo 

4.9 x lo-' 

2.84 x lo2 

2.52 x 10" 

NA 

1.82 x lo' 

6.16 x io7 
0.00 

1.08 x I d  

8.93 x lo" 

1.39 x I d  

1.98 x I d  

0.00 

4.12 x lo6 
4.68 x 104 
3.32 x lo' 

0.00 

1 .16~  l@ 

3.02 i o 7  

1.55 x io7 
1.75 x - I d  

0.00 

'uranium-235 in CIS Pit Materials Data Base. 
buCL - Upper Confidence Limit on mean values were extracted from statistical summaries 
presented in Appendix D. 

'All concentrations m milligrams per kilogram. 

"NA - Not detected or not analyzed in the CIS or Rl/FS Pit Materials Data sets. 
votal mass in milligrams. 
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TABLE D.l-3 

SOURCE CHARACTERIZATION FOR OPERABLE UNIT 1 - PIT 2 

Potential Constituents of Concern UCL on Mean Concentration 
in Pit Materialb" 

Contaminant Inventory 
in the Waste" 

Radionuclides 

Cesium-137 4.14 x 10' 1.oox 1$ 

Neptunium-237 NA' 0.00 

Plutonium-238 5.84 x 109 1.41 x lo-' 

Plutonium-239/240 9.65 x lo4 2.34 x I d  

Radium-226 8.59 x io4 2.08 x la" 

Ruthenium-106 i.4ox 109 3.40 x 

Swontium-90 2.93 x lo4 7.10 x lo-' 

Technetium-99 3.64 x lo-2 8.82 x I d  

Thorium-230 9.11 x lo-' 2.21 x io7 

Thorium-232 2.45 x I d  5.93 x 1 o ' O  

uranium-234 1.84 x loo 4.47 x 107 
UraniUm-235/236 2.55 x I d  6.18 x Ido 

Uranium-238 3.56 x 104 8.63 x 10" 

InOrganiCS 

Arsenic 3.80 x I d  9.22 x 109 

Barium 1.95 x I d  4.74 x 1o'O 

Antimony 5.88 x 10' 1.43 x 109 

B ~ l l i U l l  2.68 x 10' 6.50 x lo" 

Boron 2.48 x I d  6.01 x 109 

cadmium 1.35 x 10' 3.27 x lo" 

chromium 2.94 x I d  7.12 x 10" 

Cobalt 1.32 x I d  3.21 x 10" 

Copper 1.26 x I d  3.05 x 10" 

Cyanide 2.64 x loo 6.40 x lo' 

Lead 8.48 x I d  2.06 x 1o'O 

Mercllry 2.81 x 100 6.81 x io7 

Manganese ' r  
" . I  2.66 x I d  6.44 x 10" ',1 ' 1 

r! (7 '? 9 
~ l ~ I m 2 A D ~ M O N O d l 1 0 ~  

D-1-19 
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v 44 8% TABLE D.1-3 
(Continued) 

Potential Constituents of Concern UCL on Mean Concentration 
in Pit Materialbs 

Contaminant Inventory 
in the Wasted 

Molybdenum 

Nickel 

Selenium 

silver 

Thallium 

Tin 

VaMdiUm 

zinc 

1.93 x I d  

1.58 x lo' 

1.14 x I d  

4.10 x 10' 

2.40 x loo 

NA 

5.29 x I d  

2.07 x lo' 

4.68 x 109 

3.83 x 10" 

2.75 x 109 

9.94 x 108 

5.82 x io7 

0.0 

1.28 x 10" 

5.02 x 10" 

Organics 

1.2,3,7,8-Pentachlorodibenzofuran 

2,3.4,7,8-Pentachlorodibe~furan 

2.43 -TrichlorOphenol 

4,4-DDT 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Anthracene 

Aroclor-1221 

Aroclor-1248 

Aroclor-1 254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo(a)pyrene 

B-(ghi)perylae 

Benzo@)fluoranthene 

Benzo(ghi)fluoranthene 

Benzo(k)fluorauthene 

Chrysene 

Dibenzo(a,h),pxhracene , '. 
-< i <:; , .. 

~ 1 R P S C . l Z t u ) l  '&%am 

. ; \_ 0030 

5.50 x 104 

NA 

NA 

1.40 x loo 

4.90x loo 

1.90 x 18' 

4.30 x 10' 

7.56 x 10' 

NA 

4.90 x loo 

3.23 x lo-' 
NA 

1.00 x I d  

7.57 x 10' 

1.30 x I d  

4.20 x 10' 

1.20 x loo 

4.73 x 10' 

8.60 x 10' 

2.00 x lo-2 

B-1-20 

1.33 x le 
0.00 

0.00 

3.39 x io7 
1.19 x 108 

4.61 ~ ' 1 0 6  
1.04x 109 

1.83 x 109 

0.00 

1.19 x 108 

7.83 x 106 

0.00 

2.42 x 109 

1.83 x 109 

3.15 x 109 

1.02 x 109 

2.91 x io7 
1.15 x 109 

2.08 x 109 

4.85 x I d  
4 
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TABLE D.1-3 
(Continued) 

Potential Constituents of Concern UCL on Mean Concentration 
in Pit Materialbs 

Contaminant Inventory 
in the Wasted 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibenzofuran 

Heptachlorodibemp4oxin 

Hexachlorodibenzofuran 

Hexachlorodibenzo-pdoxin 

Indeno(l2,3Cd)pyrene 

Naphthalene 

octaChlOrodibe~flUan 

octachlorodibexm-p4iioxin 

Pentachlorophenol 1 Phenanthrene 

pyrene 
T e t r a c h l d W f u r a n  

Tetrachloroethene 

Vinyl Chloride 

NA 

3.09 x I d  

6.20 x 10' 

5.90 x I d  

8.10 x 10-3 

2.70 x 10-3 

3.20 x io4 
4.60 x 10' 

2.30 x 10' 

4.90 x 10-3 

4.59 x 10" 

1.60 x loo 

1.56 x I d  

1.58 x I d  

NA 

4.50 x 

7.242Ei-02 

0.00 

7.49 x 109 

1.50 x 109 

1.43 x I d  

1.96 x I d  

6.54 x 10" 

7.76 x I d  

1.12 x 109 

5.58 x 108 

1.19 x I d  

1.11 x 106 

3.88 x 10' 

3.77 x lop 

3.84 x 109 

0.00 

1.09 x 106 

1.756Ei-07 

'uranium-235 in C I S  Pit Materials Data Base. 
buCL - Upper Confidence Limit on mean values were extracted from statistical summaries 
presented in Appendix D. 
'All concentrations m milligrams per kilogram. 
" rod  mass in milligrams 
"NA - Not detected or not analyzed in the CIS or RI/FS Pit Materials data sets. 
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TABLE D.1-4 

SOURCE CHARACTERIZATION FOR OPERABLE UNIT 1 - PlT 3 

UCL on Mean Concentration 
in Pit Material" 

Contaminant Inventory 
in the wasted Potential Constituents of Concern 

Radionuclides 

Cesium-137 

Neptunium-237 

Plutoni~m-23 8 

Plutonium-239pw 

Radium-226 

Ruthenium-106 

S trontium-90 

Technetium-99 

Thorium-230 

NA' 

2.97 x 10-3 

2-25 x io4 
3.10 x io4 

5.84 x loa 

NA 

3.81 x los 
3.07 x lo-' 
4.25 x lo-' 

0 . 0  

6.17 x I d  

1.21 x 10' 

4.67 x lo' 

6.43 x lo' 

0.00 

7.91 x le 
6.37 x 106 

8.81 x 10' 

Thorium-232 3.62 x I d  7.51 x 10" 

uranium-234 

Urani~m-235/236 

1.78 x lo-' 

3.38 x 10' 

3.70 x io7 
7.01 x lop 

Uranium-238 3.86 x Id 8.02 x 10" 

Inorganics 
- Antimony 5.25 x 10' 1.09 x 10'O 

Arsenic 2.13 x lo' 4.42 x 10'' 

BariUm 8.08 x lof 1.68 x 10" 

B~l l iUUl  1.44 x 10' 2.99 x lop 

Boron 1.55 x 1d 3.22 x 10" 

Cadmium 2.59 x 10' 5.38 x lop 

chromium 1.86 x I d  3.86 x 10" 

Cobalt 3.60 x 10' 7.46 x lop 

Copper 
Cyanide 1.61 x le 3.34 x roe 

1.74 x I d  3.62 x 10" 

Lead 6.70 x I d  1.39 x 10" 

Manganese 

M - c V  

1.67 x 104 

3.19 x le 
3.47 x 10" 

6.62 x 108 



TABLE D.l-4 
(Continued) . '  

UCL on Mean Concentration 
in Pit Materialb*' 

Contaminant Inventory 
in the Wasted Potential Constituents of Concern 

Molybdenum 

Nickel 

Selenium 

silver 

Thallium 

Tin 

ViUladiUm 

zinc 

2.41 x ld 
2.66 x I d  

4.95 x 10' 

3.74 x 10' 

1.20 x 10' 

1.91 x I d  

5.20 x I d  

3.11 x I d  

~~ 

5.00 x 10" 

5.52 x 10'' 

1.03 x 10'' 

7.77 x 109 

2.49 x 109 

3.96 x 10'' 

1.08 x 10l2 

6.45 x 10'' 

Organics 

4-Nitrophenol 

Acenaphthene 

Anthracene 

Aroclor-1221 

Aroclor-1248 

Aroclor-1254 

Aroclor- 1260 

Benzo(a)anrhracene 

B-(a)pY=ne 

Benzo(b)fluoranthene 

Benu>(ghi)perylene 

Benm(ghi)fluoranthene 

Benzo(k)fluoranthene 

Chrysene D Dibenzo(a,h)anthracene 

NA 

NA 

NA 

NA 

NA 

NA 

9.6 x 1U2 

1.30 x 10' 

NA 

2.73 x le 
2.08 x le 

NA 

3.60 x 10' 

3.80 x 10' 

5.60 x 10'' 

1.60 x 10' 

NA 

NA 

3.70 x 10" 

NA 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.99 x io7 

2.70 x io7 
0.00 

5.66 x lo" 

4.31 x lo" 

0 . 0  

7.47 x io7 

7.89 x io7 

3.32 x 107 

1.16 x lo" 

0.00 

0.00 

7.68 x io7 
0.00 
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TABLE D.1-4 
(Continued) 

0.  
Potential Constituents of Concern 

UCL on Mean Concentration 
in Pit Materialb*' 

Contaminant Inventory 
in the wasted 

~~ 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachldbemfuran 

Heptachlorodibempdioxin 

Hexachlorodibemohmn 

Hexachlorodibp-dioxin 

Indene( 1.2.3Cd)pyrene 

Naphthalene 

O C t a C h l O r o d i b e ~ ~  

OCtaChlOrodibe~pdiOxin 

Pentachlorophenol 

Phenanthrene 

s lene 
Tetrachlorodibenzofuran 

Tetrachlomethene 

Vinyl Chloride 

NA 

7.20 x 10" 

NA 

6.90 x 10" 

2.70 x io4 

2.10 x lo3 

2.60 x lo" 
1.30 x lo-' 

NA 

750 x io4 

1.27 x lo5 

1.30 x lCf' 

5.80 x 10" 

6.20 x lo-' 

2.00 x 104 

1.07 x 

NA 

0.00 

1.49 x l@ 

0.00 

1.43 x I d  

4.36 x I d  

5.60x lo" 

5.40 x lo" 

2.70 x io7 
0.00 

1.56 x I d  - 
2.64 x I d  

2.70 x lo" 

1.20 x lo" 

1.29 x lo" 

4.15 x lo" 

2.21 x ' l d  

0.00 

'uranium-235 in CIS Pit Materials Data Base. 
buCL - Upper Confidence Limit on mean values were extracted €?om statistical summaries 
presented in Appendix D. 
'AU concenrratiom in milligrams per kilogram. 
9ota1 mass in milligrams. 
"NA - Not detected or not analyzed in the CIS or FU/FS Pit Materials data sets. 

0034 
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TABLE D.1-5 
> .  , 

SOURCE CHARACTERIZATION FOR OPERABLE UNIT 1 - PIT 4 

Potential Constituents of Concern UCL on Mean Concentration 
in Pit Materialb*' 

Contaminant Inventory 
in the Wasted 

Radionuclides 

Cesium- 137 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Radium-226 

Ruthenium-106 

Strontium-90 

Technetium-99 

ThOriUm-230 

ThOriUm-232 

Uranium-234 

Urani~m-235/236' 

Uranium-238 

NA" 

5.67 x io4 
2.92 x lo4 

6.43 x lob 

3.70 x loJ 

NA 

7.28 x lo7 

1.16 x 10" 

7.51 x 10" 

6.47 x lo' 

6.57 x lo-' 

3.24 x 102 

1.33 x Id 

0.00 

4.37 x 104 

2.25 x loo 

4.96 x I d  

2.85 x lo' 
0.00 

5.61 x 10' 

8.93 x Id 
5.79 x 106 

4.99E x 10" 

5.06 x io7 

1.02 x 10" 

2.50 x 10" 

Inorganics 

Antimony 

Arsenic 

Barium 

B~lliUXIl 

Boron 

Cadmium 

chromiuum 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

Mercury 

2.22 x 102 

5.16 x 1$ 

4.58 x lo' 
5.06 x 10' 

6.58 x I d  

2.45 x 10' 

1.05 x lo' 

1.29 x I d  

3.52 x I d  

7.0 x 10' 

5.53 x 10' 

4.75 x lo' 

6.2 x lo-' 

D-1-25 

1.71 x 10" 

3.98 x 10" 

3.53 x 10" 

3.90 x 109 

5.07 x 10" 

1.89 x 109 

8.09 x 10" 

9.96 x 109 

2.72 x 10" 

5.40 x io7 

4.26 x 109 

3.66 x 10" 

4.78 x io7 
Oi935 P;<. ;;:: 
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TABLE D.1-5 
(Continued) 

Potential Constituents of Concern UCL on Mean Concentration 
in Pit Material" 

Contaminant Inventory 
in the Wasted 

Molybdenum 

Nickel 

Selenium 

silver 

Thallium 

Tin 

VaMdiUm 

zinc 

6.98 x 10' 

1.67~ I d  

3.7 x lo-' 

5.31 x Id 

NA 

1.14 x Id 

3.94 x 102 

1.43 x I d  

5.38 x 109 

1.29 x 10" 

2.85 x io7 
4.10 x 10" 

0.00 

8.76 x 109 

3.04 x 1 o ' O  

1.10 x 1o'O 

Oreanics 

1,23,7,8-Pentachlorodibenzofuran 1.08 x loz 8.33 x Id 

2,3,4,7,8~Pentachlorodibenzofuran 1.74 x 10-3 1.34 x Id 

2.43 -TrichlOrOphenol 

4,4DDT 

NA 

NA 

0.00 

0.00 

4-Nitroaniline NA 0.00 

4-Nitrophenol 2.30 x lo" 1.77 x lo8 
Acenaphthene 

Anthracene 

Aroclor-122 1 

Aroclor- 1248 

Aroclor-1254 

Aroclor-1260 

Benzo(a)antbracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(ghi)perylene 

Benzo( ghipluoranthene 

Benzo(k)fluoranthene 

Chxysene 

Dibenzo(a,h)anthracene 

1.90 x lo" 

2.70 x lo" 
NA 

5.92 x lo" 
6.80 x lo" 

NA 

4.70 x lo" 
4.50 x lo" 

5.20 x lo" 

9.90 x 10' 

NA 

3.70 x lo" 

3.86 x lo" 
6.5 x 1U2 

1.46x loa 

2.08 x 10" 

0.00 

4.57 x loa 

5.24 x loa 
0.00 

3.62 x loa 

3.47 x loa 

4.01 x 108 
7.63 x 10' 

0.00 

2.85 x loa 

2.98 x 10s 
5.01 x I d  
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TABLE D.1-5 
(Continued) -i*Z87&4 d 

UCL on Mean Concentration 
in Pit Materialb" 

Contaminant Inventory 
in the Wasted Potential Constituents of Concern 

B 
Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachldbemfuran 

Heptachlorodiim-pdioxh 

Hexachlorodibenzofuran 

Hexachlorodibenm-@oxh 

Indeno( 1,2,3Cd)pyrene 

Naphthalene 

octaChl0rodibe~furan 

OctaChlorodibe~pdIOxin 

Pentachlorophenol 

Phenanthrene 

B pyrene 
Tetrachlorodibenmfuran 

Tetrachlomthene 

Vinyl Chloride 

NA 

1.10 x 10' 

2.20 x 100 

3.16 x io5 

5.39 10-3 

1.85 10-3 

3.18 x l@ 

9.90 x 10-l 

1.10 x 100 

3.66 io3 

6.52 x lo3 

NA 

1.20 x 10' 

9.00 x 1$ 

3.11 x 

3.00 x 10' 

1.40 x 10' 

0.00 

8.48 x 108 

1.70 x 108 

2.45 x 1d 

2.44 x ld 
4.16 x I d  

1.43 x I d  

7.63 x io7 
8.48 x i o 7  

2.82 x I d  

5.03 x I d  

0.00 

9.25 x 108 

6.94 x 108 

2.40 x 106 

2.31 x ' l v  

1.079 x lo6 

'uranium-235 in CIS Pit Materials Data Base. 
buCL - Upper Confidence Limit on mean values were extracted from statistical summaries 
presented in Appendix D. 
'All concentrations m milligrams per kilogram. 

"NA - Not detected or not analyzed in the CIS or W S  Pit Materials data sets. 
qotal mass in milligrams. 
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TABLE D.1-6 

SOURCE CHARACTERIZATION FOR OPERABLE UNIT 1 - PIT 5 

Potential Constituents of Concern UCL on Mean Concentration 
in Pit Material" 

Contaminant Inventory 
in the waste" 

Radionuclides 

Cesium- 137 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Radium-226 

Ruthenium-106 

Strontium-90 

Technetium-99 

ThOriUm-230 

Thorium-232 

uranium-234 

Urani~m-235/236 

8.73 x .IO7 

6.52 x lo-' 

2.10 x 10-7 

1.13 x 104 

1.47 x 10-~ 

1.56 x lo4 

4.77 x 10'O 

1.22x lo" 
3.37 x 10-1 

4.12 x I d  

1.49 x lo-' 

2.49 x 10' 

6.26 x 10' 

4.67 x lob 
1.51 x 10' 

1.12x lo' 

8.10 x I d  

3.42 x 10" 

1.06 x 10' 

8.74 x lob 

2.42 x io7 

1.07 x io7 
2.95 x 10" 

1 . 7 9 ~  10'' 

Uranium-238 2.69 x Id 1.93 x 10" 

InOrganiCS 
- 

Antimony 5.17 x 10' 3.71 x 109 
Arsenic 2.15 x Id 1.54 x 10" 

Barium 

Beryllium 

Boron 

cadmium 

chromium 

Cobalt 

Copper 
Cyanide 

3.02x 104 

1.48 x 10' 

NA" 
1 . 1 6 ~  10' 

1 . 1 6 ~  I d  

3.55 x 10' 

1.18 x 10" 
5.0 x lo-' 

2.17 x lou 

1.06 x log 

0.00 

8.32 x l@ 

8.30 x 109 
2.55 x log 

8.47 x 10" 

3.59 x io7 
Lead 1.74 x Id 1.25 x 1 o ' O  

Manganese 3.05 x ld 2.19 x 10" 

M V  1.6Ox 100 1.15 x l@ 

4 

4 
D-1-28 
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FEMP-OlRI4 DlUFT 
October 12.1993 

TABLE D.1-6 
(Continued) 

#I w 
T u a  on Mean Concentmtionf c a  L .  Z'B v to .% 

in Pit MateMbK Gi the Wasted 

Molybdenum 6.66 x I d  4.78 x 10" 

Nickel 1.50 x ld 1.08 x 10" 

Selenium 1.38 x 10' 9.90 x 108 

Silver 

Thallium 

Tin 

VaIladiUm 

1.41 x 10' 

3.45 x 10' 

4.80 x 10' 

4.92 x I d  

1.01 x lop 

2.48 x 109 

3.44 x lop 

3.53 x 10" 

1.48 x 10" z inc  2.06 x I d  

Ornanics 

1 ,2,3,7,8-Pentachlorodibe~furan NA 0.00 

2,3,4,7,8-Pentachlorodibenzofuran NA 0.00 

2,4,5-Tri~hl0r0pha01 NA 0.00 
4.4-DDT 

4-Nitroaniline 

NA 

NA 

0.00 

0.00 

4-Nitrophenol NA 0.00 

Acenaphthene 

Anthracene 

Aroclor-1221 

Arocl~r-1248 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo@)fluoranthene 

Benzo( ghi)pery lene 

Benzo(ghi)fluoranthene 

Benzo(k)fluoranthene 

Chrysene D Dibenzo(a,h)anthracae 

NA 

NA 

NA 

5.50 x lo-' 

7.50 x lo-' 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.00 

0.00 

0.00 

3.94.x 107 

5.38 x 107 

0.00 

0.00. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
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TABLE D.1-6 
(Continued) 

UCL on Mean Concentration 
in Pit Materialb" 

Q 
Contaminant Inventory 

in the Wasted Potential Constituents of Concern 

Dichlorodifluoromethane 

Fluoranthene 

Fluorme 

Heptachlorodibemh 

Heptachlorodibenzo-pdioxin 

Hexachlorodibenmfuran 

Hexachlorodibenzo-pdioxin 

Indene( 1,2,3cd)pyrene 

Naphthalene 

Octachlorodibemfuran 

Octachlorodibenz€)-p-dioxin 

Pentachlorophenol 

Phenanthrene 

m e  
Temachlorodibemofuran 

Tetrachloroethene 

Vinyl Chloride 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.G 

0.00 

'uranium-235 in CIS Pit Materials Data Base. 
buCL - Upper Confidence Limit on mean values were extracted from statistical summaries 
presented in Appendix D. 

'All concentrations in milligrams per kilogram. 
'?om mass in milligrams. 
WA - Not detected or not analyzed in the CIS or RI/FS Pit Materials data sets. 



TABLE D.1-7 

SOURCE CHARACTERIZATION FOR OPERABLE UNIT 1 - PIT 6 

Potential Constituents of Concern UCL on Mean Concentration 
in Pit Materialb*' 

Contaminant Inventory 
in the Wasted 

Radionuclides 

Cesium- 137 

Neptunium-237 

Plutonium-23 8 

Plutonium-239/240 

Radium-226 

Ruthenium-106 

Strontium-90 

Techuetium-99 

Thorium-230 

3.56 x 10-7 

4.82 x 10-3 

7.59 x lo4 

2.30 x io4 
4.45 x lod 

NA' 

4.03 x lo" 

9.83 x 10-3 

2.36 x 10-3 

4.05 x 10'' 

5.48 x lo" 

8.63 x 10' 

2.62 x I d  

5.06 x 10' 

0.00 

4.58 x 10" 

1.12 x I d  

2.68 x 104 

Thorium-232 1.00 x 10' 1.14 x lo" 

uranium-234 8.11 x 10' 9.23 x 106 
Urani~m-235/236 8.53 x I d  9.71 x 109 
Uranium-238 6.13 x lo' 6.98 x 10" 

Inorganics 

Antimony NA 0.00 

Arsenic 5.49 x 10' 6.25 x lo" 

Barium 9.50 x 10' 1.08 x 109 

BerylliUIIl 5.70 x 1$ 6.49 x 10-7 

Boron NA 0.00 

cadmium 5.70 x l@ 6.49 x io7 
Chromium 3.00 x 10' 3.41 x lo" 

Cobalt 2.60 x 10' 2.96 x lo" 

copper 2.22 x I d  2.53 x 109 

Cyanide NA 0.00 

Lead 7.96 x 10' 9.05 x lo" 

Manganese 2.21 x I d  2.51 x 109 

Mercury NA 0.00 

D-1-31 
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(Continued) 
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Potential Constituents of Concern UCL on Mean Concentration 
in Pit MaterialbC 

Contaminant Inventory 
in the Wasted 

Molybdenum 

Nickel 

Selenium 

silver 

Thallium 

Tin 

VanadiUm 

zinc 

NA 

5.10 x 10' 

NA 

1.58 x I d  

7.10 x 10' 

1.38 x 10' 

1.00x I d  

4.80 x 10' 

0.00 

5 . 8 0 ~  lo" 

0.00 

1.80 x l@ 

8.08 x lo" 

1.57 x lo" 

1.14 x 109 

5.46x lo" 

Organics 

1,2,3,7,8-PentachlorocIibemfuran 

2,3,4,7,8-Pentachlorodibenzofuran 

2,4J -TriChlorOphaol 

4,4-DDT 

4-Nitroaniline 

CNitrophenol 

Acenaphthene 

Anthracene 

Aroclor-1221 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

- 

Benzo(a)anthracene 

B- Wpyrene 
Benzo(b)fluoranthene 

Benzo(gbi)perylene 

I B enzo(ghi)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracee 

Dichlorodifluoromethane 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8.10 x 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

D-1-32 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

9.22 x I d  

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 4 

. ,. .-:. .. . 



UCL on Mean Concentration 
in Pit Materialbs 

Contaminant Inventory 
in the Wasted Potential Constituents of Concern B 

Fluorantttene 

Fluorene 

Heptachlorodibenzofuran 

Heptachlorodik-pdioxin 

Hexachloroditmmfimn 

Hexachlorodibenm-pdioxin 

Indene( 1,2,3cd)pyrene 

Naphthalene 

Octachlorodibenzofuran 

Octachlorodibe~pdioxin 

Pentachlorophenol 

Phenanthrene 

pyrene 

D Tetrachlomethene 

Tetrachlorodibenzofuran 

Vinyl chloride 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

3.11 x 10' 

NA 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.53 x loa 

0.00 

- 

'uranium-235 in CIS Pit Materials * DataBase. 
"UCL - Upper Confidence Limit on mean values were extracted from statistical summaries 
presented in Appendix D. 
'AU concentrations m milligrams per kilogram. 

"NA - Not detected or not analyzed m the CIS or W S  Pit Materials data sets. 
-oral Illass in milligrams. 

D-1-33 
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TABLE D.1-8 b 
?* e- 4 

SOURCE CHARACTERIZATION FOR OPERABLE UNIT 1 - BURN PIT 

Potential Constituents of Concern 
UCL on Mean Concentration 

in Pit MateriaIbs 
Contaminant Inventory 

in the Wasted 

Radionuclides 

Cesium- 137 

Neptunium-237 

Plutonium-23 8 

Plutonium-239/240 

Radium-226 

Ruthenium-106 

Strontium-90 

Technetium-99 

Thorium-230 

Thorium-232 

uranium-234 

Urani~m-235/236 

Uranium-238 

NA' 

8.50 x lo4 

2.92 x lo4 
6.43 x lod 

3.46x loJ 

NA . 

3.66 x lo4 

3.08 x lo3 

1.89 x 10" 

1.32 x 102 

2.49 x 10" 
4.69 x 10' 

5 . 3 6 ~  Id 

0.00 

2.22 x 104 

7.64 x lo-' 
1.68 x I d  

9.05 x I d  

0.00 

9.59 x lo2 

8.07 x lo" 

4.94 x la6 

3.44 x lop 

6.53 x la6 
1.23 x 109 

1.40 x 10" 

Inorganics 

Antimony 

Arsenic 

Barium 

BtZlylliUlIl 

Boron 

Cadmium 

chromium 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

Mercury 

1.78 x 10' 

3.47 x 10' 

3.05 x I d  

7 . 1 0 ~  l@ 

4.82 x 10' 

1.54 x 10' 

9.25 x 10' 

9.89 x 10' 

2.81 x le 
2.10 x 10" 

3.10 x 1d 

9.44 x 10" 

1.2 x loo 

4.66 x lo" 

9.09 x lo" 

7.97 x 1 0 ' O  

1.86 x lo" 

1.26 x lop 

4.03 x lo" 

2.42 x 109 

2.59 x lop 

7.36 x 109 

5.50 x la6 

8.11 x 109 

2.47 x 10" 

3.14 x io7 
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TABLE D.1-8 
(Continued) 

UCL on Mean Concentration 
in Pit Materialb' 

Contaminant Inventory 
in the wasted Potential Constituents of Concern 

Molybdenum 2.49 x 10' 6.52 x 108 

Nickel 1.87 x I d  4.88 x 109 

Selenium 1.91 x loo 5.00 x 10' 

Silver 

Thallium 

5.06 x I d  

5.00 x 10'' 

1.32 x 10" 

1.31 i o 7  

Tin NA 0.00 

Vanadium 1 . 3 0 ~  I d  3.39 x loQ 

zinc 5.23 x ld 1.37 x 10" 

Organics 

1,23,7,8-Pentachlorodibenzofuran NA 0.00 

2,3,4,7,8-Pentachlorodibenzofuran NA 0.00 

2,4J-Tri~hl0r0phen01 NA 0.00 
4,4-DDT 

B 4Nimaniline 

4-Nitrophenol 

Acenaphtheme 

Anthracene 

Aroclor-122 1 

Aroclor-1248 

Aroclor-1254 

NA 

NA 

NA 

1.1ox loo 

3.10 x loo 

NA 

NA 

7.70 x 10'' 

0.00 

0.00 

0.00 

2.88 x 107 

8.12 x 107 

.O.OO 

0.00 

2.02 x 108 

Aroclor-1260 NA 0.00 

Benzo(a)pyrene 3.90 x loo 1.02 x 108 

Benzo(ghi)perylene 2.90 x loo 7.59 x io7 
Benzo( ghi)fluoranthene NA 0.00 

Benzo(a)antt&me 6.30 x loo 1.65 x 108 

Benzo(b)fluoranthene 9.6ox loo 2.51 x 108 

Benzo@)fluoranthene 

Chrysene B Dibenzo(aJl)anthracene 

3.40 x 10-l 

7.00 x loo 

NA 

8.90 x 106 

1.83 x 10'' 

0.00 
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TABLE D.1-8 
;Ilrpnfc -4LZ (Continued) 

- c I 

UCL on Mean Concentration 
in Pit Materialb" 

Contaminant Inventory 
in the Wasted Potential Constituents of Concern 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibemfuran 

Heptachlorodiim-p-dioxin 

Hexachlomdibenzofuran 

Hexachlorodibenzo-p-tiioxin 

Indeno( 1.2.3-cd)pyrene 

Naphthalene 

octachlomdibemfuran 

Octachlorodibenzo-pdloxin 

Pentachlorophenol 

Phenanthrene 

m e  
Tetrachlorodibenmfimn 

Tetrachloroethene 

Vinyl Chloride 

NA 

1.60 x 10' 

1.70 x l@ 

NA 

9.80 x 10" 

NA 

NA 

2.20 x loo 

2.00 x 10" 

1.30 x lo4 

4.00 x 10-3 

2.60 x loo 

1.50 x 10' 

1.40 x 10' 

NA 

2.60 x 10' 

3.00 x 1$ 

0.00 

4.19 x le 
4.45 io7 

0.00 

2.57 x 10" 

0.00 

0.00 

5.76 x io7 

1.05 x ld 
3.40 x I d  

1.05 x I d  

6.81 x io7 
3.93 x lo" 

3.67 x lo" 

0.00 

6.81 x ' i e  

7.854 x 10" 

'uranium-235 in CIS Pit Materials Data Base. 
buCL - Upper Confidence Limit on mean values were extracted from statistical summaries 
presented in Appendix D. 
'All concentrations m milligrams per kilogram. 
9otal mass in milligrams. 
WA - Not detected or not analyzed in the CIS or RI/FS Pit Materials data sets. 
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TABLE D.l 

SOURCE CHARACTERIZATION FOR OPERABLE UNIT 1 - CLEARWELL B 
Potential Constituents of Concern UCL on Mean Concentration 

in Pit Materialbg 
Contaminant Inventory 

in the Wasted 

Radionuclides 

Cesium- 137 4.66 x lod 3.49 x 10' 
Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Radium-226 

Ruthenium-106 

Strontium-90 

Tecbnetium-99 

Thorium-230 

Thori~m-232 

3.12 x 10-3 

2.33 x lo4 

6.43 x lod 

1.19 x io4 

1.63 x 10-7 

NA' 

3.08 x 10" 

2.36 x 10" 

3.37 x Id 

2.34 x lo" 

1.75 x 10" 

4.82 x 10' 

8.91 x I d  

0.00 

1.22 x 1$ 

2.31 x I d  

1.77 x 106 
2.53 x 109 

Uranium-234 1.28 x lo-' 9.57 x I d  

Urani~-235/236 1.61 x Id 1.2 x 109 
4.05 x Id 3.03 x 10" Urani~m-238 

Inorganics 

Antimony 

Arsenic 

3.20 x 10' 

5.40 x 10' 

2.40 x 108 
4.05 x 108 

BiUiMl 

Beryllium 

Boron 
Cadmium 

chromium 
Cobalt 

copper 

Cyanide 

6.14 x Id 

7.80 x 1$ 

NA 

7.20 x 1$ 

1.53 x I d  

2.30 x 10' 

2.42 x ld 
9.20 x 10'' 

4.60 x 1 o ' O  

5.85 x lo7 
0.00 

5.40 x i o 7  

1.15 x 109 

1.72 x 108 

1.81 x 10" 

6.90 x io7 
Lead 4.33 x I d  3.25 x 109 

Manganese 1.32 x lo" 9.93 x 1 o ' O  

D Mercury 
4.80 x 10'' 3.60 x io7 

@ i.? 4 7 

D-1-37 : . 
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TABLE D.1-9 
(Continued) 

UCL on Mean Concentration 
in Pit MaterialbL 

Contaminant Inventory 
in the Wasted Potential Constituents of Concern 

Molybdenum 

Nickel 

Selenium 
.. . ...*. 

silver 

Thallium 

Tin 

VaMdiUm 

3.65 x 10' 

1.67 x I d  

3.70 x 10'' 

9.84 x 1$ 

2.10 x loo 

1.82 x 10' 

2.20 x I d  

2.74 x l@ 

1.25 x lop 

2.77 x 10" 

7.38 x 1$ 

1.57 x 10' 

1.36 x 10s 

1.65 x 10" 

z inc  2.46 x I d  1.85 x 109 

Omanics 

NA 0.00 

2,3,4,7,8~Pentachlorodibenzofuran NA 0.00 
2,4,S-'Ifi~hl0r0ph~01 

4.4-DDT 

6.20 x 100 

NA 

4.65 x io7 
0.00 

4-Nitroaniline NA 0.00 

CNitrophenol NA 0.00 

Acenaphthene 

Anthracene 

Arwlor-1221 

Aroclor-1248 

Aroclor- 1254 

Arwlor-1260 

Benu>(a)anUuacene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Berm( ghi)perylene 

Benzo(ghi)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

- 

i .  

' ; j ,  ij 
~ I l u 8 D C . l ~ ~ 0 0 1 1 & 4 6 g u n  

NA 

4.50 x 10" 

NA 

3.08 x lo-' 
6.44 x 10" 

NA 

8.90 x 18' 

6.70 x lo-' 

7.10 x 10" 

2.30 x 10" 

NA 

7.50 x 10" 

1.00 x loo 

NA 

D-1-38 

0.00 

3.37 x 106 

0.00 

2.31 x 106 

4.82 x 106 

0.00 

6.67 x 106 

5.02 x 106 

5.32 x 106 

1.72 x lo" 

0.00 

5.62 x 106 
7.50 x 106 

0.00 
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TABLE D.1-9 
(Conhuea) *-.-d $ %, 

a,-- 

UCL on Mean Concentration 
in Pit Materialb*' 

Contaminant Inventory 
in the Wasted Potential Constituents of Concern 

B 
Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibenzofuran 

Heptachlorodibenm-pdioxin 

Hexachlorodibenzofuran 

Hexachlorodibenm-p-dioxin 

Naphthalene 

Indeno( 1.2.3d)pyrene 

Octachlorodibenzofuran 

OctachloFodibenzo-pdioxin 

Pentachlorophenol 

Tetrachlorodibenmfuran 

Tetrachloroethene 

Vinyl Chloride 

NA 

3.10 x 10'' 

2.80 x 10" 

NA 

NA 

NA 

NA 

NA 

2.70 x 10' 

NA 

NA 

NA 

1.79 x loo 

1.40 x loo 

NA 

NA 

NA 

0.00 

2.32 107 

2.10 x 106 

0.00 

0.00 

0.00 

0.00 

0.00 

2.02 x 106 

0.00 

0.00 

0.00 

1.34 x 107 

1.05 x io7 

0.00 

0.00 

0.00 

'uranium-235 in CIS Pit Materials Data Base. 
"UCL - Upper Confidence Limit on mean values were extracted from statistical summaries presented in 
Appendix D. 
'All concentrations m milligrams per kilogram. 
'VOW mass in milligrams. 
WA - Not detected or not analyzed in the CIS or RI/FS Pit Materials data sets. 
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TABLE D.1-10 

LEACHATE A & LEACHATE B COMPOSITIONS 
FOR INORGANICS AND RADIONUCLIDES IN 

OPERABLE UNIT 1 - PIT 1 

Leachate A Leachate B 
Element CQnCen?X3tiOn' constraintb Concentration' Constraintb 

PH 
Ell 

Antimony 

Arsenic 

Barium 

BerylliUm 

Boron 
cadmium 

Cesium-137" 

chromium 

Cobalt 

copper 
Cyanide 

Lead 

Manganese 

Mercury 
Molybdenum 

Neptunium-237 

Nickel 

Nitrate 

PlutoniM1-238 

Plutonium-239 and 
240 

RadiUm-w 

Ruthenium-106 : 

Selenium 

silver 

11.8 su 
-0.190 v 
0.3225 

0.0028 

1.9236 

0.0774 

1.2279 

0.0414 

1.2 x 

0.1929 

1.3215 

0.0832 

0.5437 

0.0048 

208.3633 

0.0002 

0.3605 

8.2943 

194.7 

1.213 x lU' 

0.1181 

NA' 

NA 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

mdl-ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

B - 1 4  

6.75 SU 
4.400 v 
0.3225 

0.0028 

1.9236 

1.83 x io3 
1.2279 

0.0414 

1.2 x 

3.42 x lo4 

1.3215 

0.0832 

0.5437 

0.0048 

0.0771 

1.8 x 10"' 

0.3605 

8.2943 

194.7 

1.213 x lo" 

0.1181 

EQ3/6 

EQ3/6 

ISL 

ISL 

ISL 

BeO 

ISL - 
ISL 

mdl-ISL 

cro, 
ISL 

ISL 

ISL 

ISL 

Carb.SS' 

calomel 

ISL 

ISL 

ISL 

ISL 

ISL 
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Leachate A Leachate B 
Element Concentration' constraintb Concentration' Constraintb 

D 
S trontium-90d 9.12 x 10-" ISL 2.84 x 10-14 carb.ss 

Technetium-99d 2.18 x lo4 TCLP 2.18 x lob TCLP 

Thorium-230 2.57 x 10" mdl-ISL 2.08 x 109 Tho2 

Thorium-232 0.0046 mdl-ISL 2.08 x 10-9 7 3 0 2  

Thorium-Totald 0.0015 mdl-ISL 2.08 x 10-9 Tho2 
Urani~m-234~ 5.75 x 104 ISL 5.75 x io4 ISL 

Uranium-235d 1.24 x 10-l ISL 1.24 x lo-' ISL 

Uranium-238d 1 1.93 ISL 11.93 ISL 

UraniUm-T~tal~ 10.8615 ISL 

Vanadium 0.1 103 ISL 

10.86 ISL 

0.1 103 ISL 

ISL 3.54 x 109 carb.ss z i n c -  0.2115 

1 Element concentrations in milligrams per liter @pm), pH in standard units (SU), and Eh in Volts 0. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent. 
Constraint on reported concentration is by EQ316 Geochemical Code (EQ3/6) Toxicity Characteristic 
Leaching Rocedure (TCLP), in situ leachate (ISL), maximum detection limit (mdl), US EPA 70-year 
rule (70-year). or by solubility with respect to the indicated mineral phase. 
NA = Not applicable. 
Radioactive constituent. 
radionuclide in solution: 
mg/Q = 2.798 x 10-'-(gram formula wt)-(Activity in pCi/Q).(half-life in years) 
carb.SS is carbonate solid solution which includes calcite, magnesite, rhodochrosite, siderite, strontianite, 
and smithsonite components. 

Formula for conversion of aqueaus radioactivity to concentration of 



e- 4182 
TABLE D.1-ll 

LEACHATE A ANID LEACHATE B COMPOSITIONS 
FOR INORGANICS AND RADIONUCLIDES IN 

OPERABLE UNIT 1 - PIT 2 

FEMP-olRI-4 DRAPT 
October 12, 1993 

Leachate A Leachate B 
Element Concentration' constraintb Concentration' Constraintb 

P* 
Eh 

Ammonia 

. Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Cesium-137 

chromium 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

Mercury 
Molybdenum 

Neptunium-23T 

Nickel 

Nitrate 

Plutonium-238 

Plutonium-239 
and 240 

Radium-2w 

Ruthenium-106 

Selenium 

10.3 SU 

-0.108 V 
275. 

0.571 

0.0677 

0.449 

0.0057 

2.82 

0.279 

1.2 x 1 0 ' O  

0.0889 

0.595 

0.145 

0.03 16 

0.0183 

4.52 

0.0046 

1.57 

0.189 

4,650. 

2.9 x 1U" 

8.03 x io4 

2.82 x 

2.24 x 10" 

0.0583 

NA' 

NA 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

mdl-ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

mdl-ISL 

mdl-ISL 

ISL 

mdl-ISL 

ISL 

D-142 

6.52 SU 

4.415 V 

275. 

0.571 

0.0677 

0.1564 

0.004 

2.82 

0.279 

1.2 x 10-l0 

4.59 x io4 
0.595 

0.145 

0.0316 

0.0183 

3.93 x loJ 

9.8 x l@" 

1.57 

0.189 

4,650. 

6.59 x 10'" 

6.59 x lo-" 

2.82 x 10-~ 

2.24 x lo-" 

0.0583 

EQ316 

EQ316 

ISL 

ISL 

ISL 

barite 

BeO 

ISL 

ISL 

mdl-ISL 

-2 

ISL 

%SL 

ISL 

ISL 

carb.SSd 

calomel 

ISL 

ISL 

ISL 

puo2 

puo2 

ISL 

mdl-ISL 

ISL 
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TABLED: \ -11 - - 
(Continued) 

Leachate A Leachate B 
Element Concentration' Constraintb Concentration' Constraintb 

silver 
~~ 

0.115 ISL 0.115 ISL 

Strontium-90" 4.7 x 10" ISL 3.14 x 10-l4 carb.ss 

Technetium-99" 5.33 x 10" TCLP 5.33 x lo4 TCLP 

Thallium 0.0055 ISL 0.0055 ISL 

Thorium-230 9.3 x 10-8 TCLP 2.05 x 10' Tho2 

Thori~m-232 0.0046 md-TUP 2.05 x 10' Tho2 
Th~ri~m-Totd' 0.0084 TCLP 2.05 x 10' thorianite 

Tin 

Uranium-234" 1.74 x lo4 ISL 1.74 x lo4 ISL 

Uranium-235' 3.68 x lo2 ISL 3.68 x 10" ISL 

Uraniumi238" 3.73 ISL 3.73 ISL 

Udum-Total" 3.65 ISL 3.65 ISL 

Vanadium 

zinc 

0.334 

0.063 

ISL 0.334 ISL 

ISL 2.44 x lo4 carb.ss 

Element co~lcentrations in milligrams per liter (ppm), pH in staudard units (SU), and Eh in Volts 
0. Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, 
therdore no leachate concentration was derived and the waste unit was assumed to have 0 source 
for that constituent. 
Constraint on reported concentration is by EQ3/6 Geochemical Code (EQ3/6) Toxicity Characteristic 
Leaching Procedure (TCLP), in situ leachate (ISL), maximum detection limit (md), US EPA 70- 
year rule, or by solubility with respect to the indicated mineral phase. 
NA = Not applicable. 

strontianite, and smithsonite components. 

radionuclide in solution: 
mg/Q = 2.798 x 10''.(gram formula wt).(Activity in pCi/Q).(half-life in years) 
No concentration units have been specified for F and NO, in the data sets but these are assumed in 
ppm of mg/Q. 

* carb.SS is carbonate solid solution which includes calcite, magnesite, rhodochrosite, siderite, 

e Radioactive constituent. Formula for conversion of aqueous radioactivity to concentration of 

D-1-43 
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EEACMTE A PLPJD LEACHATE B COILPPOSITIONS 
FOR INORGANICS AND RADIONUCLIDES IN 

OPERABLE UNIT 1 - PIT 3 

FEMp-olRI4 DRAPT 
October 12. 1993 

Leachate A Leachate B 
Element Concentration' COIIStraintb Concentration. Constraintb 

PH 
Eh 

Ammonia 

Antimony 

Arsenic 

BariWl 

Beryllium 

Boron 

Cadmium 

Cesium-137'' 

chromium 

Cobalt 

copper 
Cyanide 

Lead 

Manganese 

Mercury 
Molybdenum 

Nickel 

Nitrate 

Plutonium-238d 

Plutonium-239 
and 240 

Radium-226d 

Ruthenium-106' 

Selenium 

silver 

7.7 su 
4.115 v 

2,625. 

0.656 

1.49 

0.526 

0.0081 

5.48 

0.311 

0.182 

0.137 

0.782 

1.27 

1.61 

132. 

0.0988 

2.8 

0.0473 

6.574. 

2.9 x 10" 

8.03 x lo4 

1.95 x 10' 

0.14 

0.165 

NA' 

NA 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

mdl-ISL 

mdl-ISL 

TCLP 

ISL 

ISL 

6.54 SU 
4.118 v 

2,625. 

0.656 

1.49 

0.061 

0.0041 

5.48 

0.31 1 

0.182 

0.137 

0.782 

1.27 

1.61 

0.197 

2.16 x lo-" 

2.8 

0.0473 

6,574. 

2.9 x 10" 

6.9 x 10" 

1.95 x loa 

0.14 

0.0285 

EQ3/6 

EQ3/6 

ISL 

ISL 

ISL 

barite 

BeO 
ISL 

ISL 

ISL 

ISL 

. ISL 

ISL 

ISL 

Carb.SS" 

calomel 

ISL 

ISL 

ISL 

mdl-ISL 

TCLP 

ISL 

4 3  
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.. TABLE D.l-12 
(Continued) 

Leachate A Leachate B 
Element Concentration' Constraintb Concentration' Constraintb 

Strontium-90" 

Techetium-99d 

Thallium 

Thorium-23od 

Thonum-232d 

Thorium-To& 

Tin 

Uranium-234d 

Uranium-235d 

Uranium-238d 

Uranium-Totald 

VanadiUm 

zinc 

7.5 x 10-l0 

2.06 x 1g5 

0.107 

5.5 x la8 
0.0046 

0.0029 

0.2 

2.57 x io4 
0.0367 

7.42 

4.96 

1.24 

0.158 

ISL 

ISL 

ISL 

TCLP 

mdl-TCLP 

mdl-TCLP 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

8.3 x 10-13 

2.wX io5 

0.107 

1.95 x lo4 

1.95 x 104 

1.95 x lo4 

0.2 

2.57 x io4 
0.0367 

7.42 

4.96 

1.24 

1.16 x lU3 

carb.SS 

ISL 

ISL 

Tho2 

Tho2 

Tho2 

ISL 

ISL 

ISL 

ISL - 
ISL 

ISL 

carbss 

Element concentrations in milligrams per liter (ppm), pH in srandard units (SU), and E% in Volts 0. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent, 
Constraint on reported concentration is by EQ316 Geochemical Code (EQ3/6) Toxicity Characteristic 
Leaching Procedure (TW), in situ leachate (ISL), maximum detection limit (mdl), US EPA 70-year 
rule, or by solubility with respect to the indicated mineral phase. 
NA = Not applicable. 
Radioactive constituent. 
radionuclide in solution: 
mg/Q = 2.798 x 10-u@am foxmula wt).(Activity in pCi/Q)-(half-life in years) 
carb.SS is carbonate solid solution which includes calcite, magnesite, rhodochrosite, siderite, strontianite, 
and smithsonite components. 

Formula for conversion of aqueous radioactivity to concentration of 

D-145 
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TABLE D.1-13 

EEACPPA'IX A AND LEACHATE B COMPOSITIONS 
FOR INORGANICS AND RADIONUCLIDES IN 

OPERABLE UNIT 1 - PIT 4 

f 

Leachate A Leachate B 
Element Concentration' Constraintb Concentration' COnStraintb 

PH 
Eh 

Ammonia 

Antimony 

Arsenic 

BariUIIl 

Beryllium 

Cadmium 

Boron 

Cesium-1 376 

chromium 
Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

Mf=v 

Molybdenum 

Neptunium-237d 

Nickel 

Nitrate 

Plutonium-238d 

Plutonium-239 
and 240 

Radium-226d 

Ruthenium-106' 

Selenium 

7.1 SU 
0.2221 v 

81.2 

0.956 

0.0025 

2.79 

0.0809 

2.93 

0.1 18 

2.22 

0.338 

0.643 

0.0265 

0.002 

588. 

O.ooo2 

0.629 

5.11 x 10-7 

2.13 

7.3 

2.86 x lull 

8.03 x 109 

9.4 x lP 

0.0025 

NA' 
NA 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

TCLP 

ISL 

ISL 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

D-146 

6.88 SU 

4.257 V 

81.2 

0.956 

0.0025 

0.044 1 

7.12 x lo" 
2.93 

0.1 18 

0.0406 

0.338 

0.643 

0.0265 

0.002 

5.98 x lU3 

8.8 x lo9 

0.629 

1.45 x 109 
2.13 

7.3 

2.86 x lo-" 

1.01 x 1u'O 

9.4 x io9 

0.0025 

EQ3/6 

W3/6 

ISL 

ISL 

ISL 

barite 

ISL 

ISL 

ISL 

- 

m 2  

ISL 

ISL 

ISL 

ISL 

carb.ss' 

calomel 

ISL 

NPo2 

ISL 

ISL 

mdl-ISL 

p u 0 2  

ISL 

ISL 
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TABLE D.1-l3 
(Continued) .^ 

Leachate A Leachate B 
Element Concentration' constraintb Concentration' Constraintb 

silver 

Strontium-god 

Technetium-99d 

Thallium 

ThOn~II-23od 

ThOriUm-232d 

Thonum-Totald 

Tin 

uranium-234d 

Urani~m-235~ 

Urani~m-238~ 

UraniUm-T~tal~ 

Vanadium 

) zinc 

1.16 

1.22 x 10"O 

2.07 x 104 

2.7 x io-' 

0.0087 

0.017 

0.2 

0.0238 

12.7 

1 3 0  

500 

0.929 

0.412 

ISL 

ISL 

ISL 

ISL 

mdl-ISL 

ISL 

mdl-ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

2.1 x 10-9 

2.1 x 109 

2.1 x 109 

0.2 

0.0238 

12.7 

1,280 

500 

0.0145 

0.412 

Ag 

carb.ss 

ISL 

Tho, 
Tho2 

thorianite 

mdl-ISL 

ISL 

ISL 

ISL 

ISL 

carb.ss 

ISL 

Element concentrations in milligrams per liter (ppm), pH in standard units (SU), and Eh in Volts 0. 
Blank spaces mdicate that the COnStitueQt was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent. 
Constraint on reported concentration is by EQ3/6 Geochemical Code (EQ3/6) Toxicity Characteristic 
Leaching Procedure ( T U P ) ,  in situ leachate (ISL), maximum detection limit (mdl), US EPA 70-year 
rule, or by solubility with respect to the indicated mined phase. 
NA = Not applicable. 
Radioactive constituent. 
radionuclide in solution: 
mg/Q = 2.798 x 10-'-(gram formula wt).(Activity in pCi/Q).(half-life in years) 
carb.SS is carbonate solid solution which includes calcite, magnesite, rhodochrosite, siderite, strontianite, 
and smithsonite components. 

Formula for conversion of aqueous radioactivity to concentration of 
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TABLE D.1-14 

LEACHATE A PLPJD LEACHATE B COMPOSITIONS 
FOR INORGANICS AND RADIONUCLIDES IN 

OPERABLE UNIT 1 - PIT 5 

Leachate A Leachate B 
Element Concentration' Constxaintb Concentration' C0IlSmintb 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Cesium-13T 

Chromium 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

Molybdenum 

Neptunium-237 

Nickel 

Plutonium-23 8' 

Plutonium-239 
and 24V 

Radium-226' 

Ruthenium-lW 

Selenium 

silver 

Strontium-9V 

Technetium-99' 

Thallium 

0.1577 

0.00928 

0.628 

0.0198 

0.0094 

1.04 x 109 

0.0243 

0.0748 

0.9478 

8.64 x 10-2 

0.0177 

2.4135 

0.0218 

1.15 x 10-' 

5.0 x io7 

0.3025 

2.8 x lUu 

8 x 10"' 

1.95 x l@ 

1.27 x 10'" 

0.0021 

3.35 10-3 

2.9 x l@'O 

1.88 x lv 
5.5 x io4 

TCLP 

TCLP 

TCLP 

TCLP 

TCLP 

sw 
TCLP 

TCLP 

TCLP 
70-year 

TCLP 

TCLP 

TCLP 

70-year 

mdl-SW 

TCLP 

mdl-SW 

mdl-SW 

70-year 

mdl-SW 

sw 
mdl-SW 

sw 
sw 

mdl-SW 

0.1577 

0.00928 

0.628 

0.0198 

0.0094 

1.04x 1v 
0.0243 

0.0748 

0.9478 

8.64 x 10-2 

0.0177 

2.4135 

0.0218 

1.15 x 10-' 

5.ox 107 

0.3025 

2.8 x 10"' 

8 x lo-'' 

1.95 x lv 
1.27 x 10" 

0.0021 

3.35 10-3 

2.9 x 10"' 

1.88 x l@ 

5.5 x lo4 

TCLP 

TCLP 

TCLP 

TCLP 

TCLP 

sw 
TCLP 

TCLP 

TCLP 
70-year 

TCLP 
.. TCLP 

TCLP 

70-year 

mdlSW 

TCLP 

mdl-SW 

mdl-SW 

70-year 

mdl-SW 

sw 
mdl-SW 

sw 
sw 

mdl-SW 
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TABLE D.1-14 
(Continued) 

Leachate A Leachate B 
Element Concentration' constraintb Concentration' Constraintb 

B 
ThOriW-23P 

ThOrium-232 

Tin 

Uranium-234' 

Uranium-235' 

Uranium-238' 

Vanadium 

zinc 

5.14 x 109 

4.6 x lo4 

8.29 

6.79 x loJ 

0.0089 

1.2 

1.4388 

0.3338 

sw 
mdl-SW 

70-year 

sw 
sw 
sw 

TCLP 

TCLP 

5.14 x 104 

4.6 x lo4 

8.29 

6.79 x le 

0.0089 

1.2 

1.4388 

0.3338 

sw 
mdl-SW 

70-YW 

sw 
sw 
SW 

TCLP 
TCLP 

' Element concentrations in milligrams per liter (ppm), pH in standard units (SU), and Eh in Volts 
0. Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, 
therefore no leachate concentration was derived and the waste unit was assumed to have 0 source 
for that constituent. 
Constraint on reported concentration is by Toxicity Characteristic Leaching pn>cedure (TCLP), 
surface water (SW), the maximum detection limit (mdl), US EPA 70-year rule ('lO-year), or by 
solubility with respect to the indicated mineral phase. 
Radioactive constituent, Formula for conversion of aqueous radioactivity to concentration of 
radionuclide m solution: 
mg/Q = 2.798 x lO".(gnun formula wt).(Activity in pCi/t)@alf-life in years) 

b ' 

~ l ~ . l z o z A D . l l ~ o - o l  1Qlo.m 
D-1-49 
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TABLE D.l-15 

EEACPpB'i'E A APJD LEACHATE B COMPOSFPSONS 
FOR INORGANICS AND RADIONUCLIDES IN 

OPERABLE L N T  1 - PIT 6 

Leachate A Leachate B 
constituent Concentration' Constraintb Concentration' constraintb 

Antimony 

ArSeniC 

Barium 

BtXj4Iium 

Boron 

Cadmium 

Cesium-13T 

chromium 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

- M V  
Molybdenum 

Neptunium-237 

Nickel 

Plutonium-23 8 

Plutonium-239 
and 24V 

Radium-m 

Ruthenium-lW 

Selenium 

silver 

Strontium-9r 

Technetium-99 

Thallium 

. ? I .  

0.63 16 

1.9559 

0.0204 

9.5 x io4 

2.2 x 10-3 

4.75 x 10-3 

8.6 x lo-" 

0.006 

0.6914 

2.008 

1.06x 1oS 

0.165 

1.1 x 10'" 

8 x 10"' 

5.0 x 10-l1 

0.0667 

7.0 x lCTu 

1.612 x lo4 

0.7535 
<-, . .  . 

TCLP 

TCLP 

TCLP 

mdl-SW 

mdl-SW 

mdl-SW 

mdlSW 

mdl-SW 

TCLP 

TCLP 

mdl-SW 

TCLP 

mdl-SW 

mdlSW 

mdl-SW 

T U P  

mdlSW 

sw 
TCLP 

B-1-50 

0.63 16 

1.9559 

0.0204 

9.5 x lo" 

8.6 x 10'" 

2.2 x 10-3 

4.75 x 10-~ 

0.006 

0.6914 

2.008 

1.06 x 105 

0.165 

1.1 x lo-" 
8 x 10"' 

5.0 x 10" 

0.0667 

7.0 x 

1.612 x 104 

0.7535 

TCLP 

TCLP 

TCLP 

mdl-SW 

mdl-SW 

mdl-SW 

mdlSW 

mdl-SW 

TCLP 

WJ 

mdl-SW 

TCLP 

mdl-SW 

mdl-SW 

mdl-SW 

TCLP 

mdl-SW 

sw 
TCLP 
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TABLE D.l-15 , < 

b 

Leachate A Leachate B 
Constituent Concentration' Constraintb Concentration' Constraintb 

Th0riUm-23V 

ThoriUm-23T 

Tin 
Uranium-234' 

Uranium-235' 

Uranium-238' 

VanadiUm 

zinc 

1.5 x lo4 
4.6 x lo4 

1.30 

1.377E-05 

4.62 x lU3 

1.4% 

7.0 x io5 
1.7918 

sw 
mdl-SW 

70-year 

sw 
sw 
sw 

mdl-SW 

TCLP 

1.5 x 10-8 

4 . 6 ~  lv 
1.30 

1.377 x lo5 
4.62 x io5 

7.0 x 10-3 

1.4% 

1.7918 

sw 
mdl-SW 

70-year 

sw 
sw 
sw 

mdl-SW 

TCLP 

- 
' Element concentrations in milligrams per liter (ppm), pH in standard units (SU), and Eh in Volts (V). 

Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 some for that 
constituent. 
Constraint on reported concentration is Toxicity Characteristic Leaching Procedure (TCLP), surface 
water (SW), maximum detection limit (mdl), or by the US EPA 70-year rule (70-year). 

' Radioactive constituent. Formula for conversion of aqueous radioactivity to concentration 'of 
radionuclide in solution: 
mg/Q = 2.798 x lO-"-(gram formula wt)-(Activity in pCi/Q)-(half-life in years) 

~ w 1 ~ . l a M A D . 1 1 N o . o 1  le1 1.m 

D-1-51 
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TABLE D.1-16 

LEACHATE A AND LEACHATE B COMPOSITIONS 
FOR INORGANICS AND RADIONUCLIDES IN 

OPERABLE UNIT 1 - BURN PIT 

Leachate A Leachate B 
constituent Concentration' constraintb Concentration' Constraintb 

PH 
Eh 

Antimony 

Arsenic 

BariW 

Beryllium 

Boron 

Cadmium 

Cesium- 137d 

Cobalt 

copper 
Cyanide 

Lead 

Manganese 

Merclrry 
Molybdenum 

Neptunium-237d 

Nickel 

Nitrate 

Plutonium-238d 

Plutonium-239 
and 2406 
Radium-226d 

Ruthenium-106' 

Selenium 

silver 
. .L 
r ,  
. .  

12.16 SU 
M.1377 V 

0.103 

0.0494 

8.3836 

0.0082 

2.12 

0.0197 

0.129 

0.0377 

0.1 18 

3.6 

0.0981 

2.96 

3.0 x lv 
1 .05 

3.9 x 107 

0.299 

5.7 

2.86 x lo-" 

8.03 x 109 

7.34 x lod 

0.0038 

0.107 

NA' 

NA 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL. 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

mdl-ISL 

ISL 

ISL 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

ISL 

D-1-52 

6.84SU 

4.259 v 
0.103 

0.0494 

0.035 

8.22 x lo4 

2.12 

0.0197 

0.129 

0.0377 

0.118 

3.6 

0.01 13 

0.0298 

2.4 x lod 

1.05 

1.5 x l@ 

0.299 

5.7 

2.86 x 10" 

9.1 x 10'" 

7.34x lo4 

0.0038 

2.06 x 10" 

EQ3b 

EQ3/6 

ISL 

ISL 

barite 

BeO 

ISL 

ISL 
- 

ISL 

ISL 

ISL 

ISL 

PbCO3 

carb.SS' 

calomel 

ISL 

N e 2  

ISL 

ISL 

mdl-ISL 

puo* 

ISL 

ISL 

As 
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TABLE D.1-16 
(Continued) L".,"" c *78% 

'a. 

Leachate A Leachate B 
constraintb constituent Concentration' Constraintb Concentration' 

B 
1.8 x lo-" 
1.47 x 10" 

1.13 x io-' 
0.0110 

0.0106 

mdl-ISL 

TCLP 

TCLP 

TCLP 

TCLP 

1.47 x 10" 

2.12 x lo4 

2.12 x lo4 

2.12 x lo4 

1.46x lo4 

3.04 x lo-2 

2.95 

2.87 

0.0743 

0.253 

ISL 

ISL 

ISL 

ISL 

ISL 

ISL 

1.46 x lo4 

3.04 x 10" 

2.95 

2.87 

0.0743 

0.01 10 

ISL 

ISL 

ISL 

ISL 

ISL 

carbss 

Element concentrations in milligrams per liter (ppm), pH in standard units (SU), and Eb h Volts 
0. Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, 
therefore no leachate concentration was derived and the waste unit was assumed to have 0 source 
for that constituent. 
Constraint on reported concentration is by EQ3/6 Geochemical Code @Q3/6) Toxicity Characteristic 
Leaching Procedure (TCLP), in situ leachate (ISL), maximum detection limit (mdl), US EPA 70- 
year rule, or by solubility with respect to the indicated mineral phase. 
NA = Not applicable. 
Radioactive constituent. Formula for conversion of aqueous radioactivity to concentration of 
radionuclide m solution: 
mg/Q = 2.798 x 10''5@am formula wt).(Activity in pCi/Q)-(half-life in years) 
carb.SS is carbonate solid solution which includes calcite, magnesite, rhodochrosite, siderite, 
strontianite, and smithsonite components. 



FEMP-OlIU-4 DRAPT 
October l2.1993 

TABLE D.1-17 
e.- - 

EEAcI~~ATE A AND LEACHATE B COMPOSITIONS 
FOR INORGANICS AND RADIONUCLIDES IN 

OPERABLE UNIT 1 - THE CLEARWELL 

Leachate A Leachate B 
Constituent Concentration' constraintb Concentration' Constraintb 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Cesium-1 37' 

Chromium 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

Mercury 
Molybdenum 

Nickel 

Neptunium-237 

Plutonium-23 b 
Plutonium-239 
and 24U 

Radium-226' 

Ruthenium-lW 

Selenium 

silver 

Strontium-9V 

Technetium-99' 

Thallium 

7.0 x lo" 

0.0042 

1.35 x 

5.0 x lo" 

9.5 x lo" 

7.0 x l0-" 

0.0022 

4.75 10-3 

0.019 

0.087 

5.5 x lo" 

0.02 

1.ox lo" 

5.28 

9.0 x loJ 

4.51 x io4 
1.1 x 10" 

4.8 x 10-9 

1.1 x 109 

0.003 

0.014 

1.06 x lo-11 

2.36 io4 
5.5E-w 

mdl-SW 

sw 
mdl-SW 

mdl-SW 

mdl-SW 

mdl-SW 

mdl-SW 

mdl-SW 

sw 
sw 

mdl-SW 

sw 
mdl-SW 

70-year 

70-year 

mdl-SW 

mdl-SW 

mdl-SW 

sw 

sw 
sw 

mdl-SW 

sw 
mdl-SW 

7.0 x io4 
0.0042 

1.35 x lo-2 

5.0 x io4 

9.5 x lo" 

7.0 x 10-" 

0.0022 

4.75 10-3 

0.019 

0.087 

5.5 x lo" 

0.02 

1.0 x lo" 

5.28 

9.0 x 10-3 

4.51 x io4 

4.8 x 109 

1.1 x 10-9 

1.1 x lo-" 

0.003 

0.014 

1.06 x 1o"I 

2.36 x io4 

5.5 x lo" 

mdl-SW 

sw 
mdl-SW 

mdl-SW 

mdl-SW 

mdl-SW 

mdl-SW 

mdl-SW 

sw 
sw 

mdl-SW 

sw 
mdl-SW 

70-year 

mdl-SW 

70-year 

mdl-SW 

mdl-SW 

sw 

sw 
sw 

mdl-SW 

sw 
mdl-SW 
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TABLE D.1-47 
(Continued)' 

Leachate A Leachate B 
Constituent Concentration' constraintb Concentration' Constraintb 

TJIOrium-23V 

Th0rh~1-232 

Tin 
Uranium-234' 

Uranium-235' 

Uranium-238' 

Vanadium 

zinc 

2.W-08 

4.6E-04 

2.62 

3.07 x 104 

0.056 

18.6 

0.513 

0.047 

sw 
mdl-SW 

70-year 

sw 
sw 
sw 
sw 
sw 

2.06 x lo4 

4.6 x lo" 

2.62 

3.07 x io4 

0.056 

18.6 

0.513 

0.047 

sw 
mdl-SW 

70-year 

sw 
sw 
sw 
sw 
sw 

* Element concentrations in milligrams per liter (ppm), pH in standard units (SU), and Eh in Volts 
0. Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, 
therefore no leachate concentration was derived and the waste unit was assumed to have 0 source 
far that constituent. 
Constraint on reported concentration is by the maximum detection limit (mdl), surface water (SW), 
or by US EPA 70-year rule (70-year). 

' Radioactive constituent, Formula for conversion of aqueous radioactivity to aqueous coacentration 
of radionuclide: 
mg/Q = 2.798 x 10''.(gram formula wt.).(Activity in pCi/Q)@alf-life in years) 

B b  

D-1-55 

- I  
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TABLE D.1-18 

ORGANIC LEACHATE C0NCEN"RATIOPJS PPJ OPERABLE UNIT 1 - PIT 1 c 
Leachate 

organic constituents ConcentrationsGb constraint' 

1,23,7,8-pentachlorodibenzofuran 6 x  lo4 ISL 

2,3,4,7,8-~tachl&bEOW 9 x lo4 ISL 

2,4 J -trichlorophenol 

4,4'-DDT 0.5 mdl-ISL 

4-nitro aniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthy lene 

Anthracene 

Aroclor-I221 

Aroclor-1 a 2  

Aroclor- 1 248 

Aroclor-1254 

Aroclor- 1 260 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benm(ghi)fhoranthene 

Benzo(ghi)perylene 

Bemm(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthntcene 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibenzofumn 

Heptachlorodibexu.0-pdioxin 

Hexachlorodiknmfuran * < I .  

i: 4-4 q ir 
w 

~ l R p s c i 2 o u D . l l s u o Q l  10.13am 

40 

2.5 

3.1 

5 

5 

40 

40 

40 

40 

40 

200 

40 

1.7 1 0 3  

3.4 x 10-3 

1.4 103 

D-1-56 

mdl-ISL 

mdl-ISL 

ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

.. . 
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(Continued) 

Leachate 
organic constituents Concentrationskb constraint' 

Hexachlorodibenzo-pdioxin 

Indene( 1,2,3cd)pyrene 

Naphthalene 

octachlorodibemfuran 

octachlorodibenzo-pdloxin 

Pentachlorophenol 

Phenanthrene 

m e  
Tetrachlorodibenmfuran 

Tetrachloroethene 

Vinyl Ch€oride 

2.2 x 10-3 

40 

6 x lo4 

1.6 10-3 

40 

40 

1.24 x la2 
47 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

Constituent concentrations in micrograms per liter. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit matexiah, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent. 
Constraint on reported concentration is by maximum detection limit (mdl), in situ leachate (ISL), CIS 
d a c e  water (CISsw), or by the US EPA 70-year rule (70-year). 

~ l I L N X 1 l P 2 A D . l l ~ O . Q 1  1G13.m 
D-1-57 . * '  
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TABLE D.l-19 

ORGANIC LEACHATE C0NCEI"IRA'FPONS IN OPERABLE UNIT 1 - PIT 2 

organic constituents 
Leachate 

ConCentratio&b constraint' 

1,2,3,7,8-pentachlorodibenzofuran 

2 , 3 , 4 , 7 , 8 - ~ t ; n c h l O r o d i W m  

2,4,5-Ui~hl0rophen01 

4,4'-DDT 

CNitroaniline 

CNitrophenol 

Acenaphthene 

Acenaphthy lene 

Anthracene 

Aroclor-1-221 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo( a)pyrene 

Benzo(b)fluoranthene 

Benzo(ghi)fluoranthene 

Benzo(ghi)perylene 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Dichlorodifluoromethane 

Flumthene 

Fluorene 

Heptachlorodibenzofuran 

Heptachlorodibenzo-@oxh 

See footnotes at end of table 

1 10-3 mdl-ISL 

1 

50 

50 

12 

5 

2 

0.5 

1 

10 

10 

10 

6.24 x lo-' 

10 

10 

10 

10 

9 

6 

9 x io4 

3.6 x lo3 

mdl-ISL 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

70-year 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

ISL 

mdl-ISL 
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TABLE D.l-19 
(Continued) 

b - 
Leachate 

organic constituents COncentratiom~b constraint' 

Hexachlorodibenm furan 

Hexachlorodibenm-p-dioin 

Meno( 12.3-cd)pyrene 

Naphthalene 

Octachlorodibenzofuran 

OctaChlOrOdibe~p-dlOin 

Pentachlorophenol 

Phenanthrene 

m e  
Tetrachlorodibenzofuran 

Tetrachluroethene 

Vinyl Chloride 

1.7 x loJ 

3 x 10-~ 

10 

10 

7E-04 

4.2E-03 

50 

10 

7 

5 

160 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

mdl-ISL 

mdl-ISL 

ISL 

mdl-ISL 

ISL 

Constituent concentrations in micrograms per liter. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent 

' Constraint on repoxted concentration is by maximum detection limit (mdl), in situ leachate (ISL), CIS 
surface water (CISsw), or by the US EPA 70-year rule (70-year). 

.. .. 

D-1-59 0069 
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TABLE D.1-20 

ORGANIC LEACHATE CONCENTRATIONS IN OPERABLE UWT 1 - PIT 3 

Leachate 
organic constituents ConcentrationPb constraint’ 

1,23,7,8-~eIItachlOrodibenzofuran 

2.3 ‘4.7  pe pen tach lord^^ 

2.43-trichlorophenol 

4.4’-DDT 

4-Niaoaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthy lene 

Anthracene 

Aroclor422 1 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Benzo(a)antbracene 

Benzo( a)pyrene 

Benzo(b)fluoranthene 

Benzo(ghi)fluoranthene 

Benzo(ghi)perylene 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibenzofuran 

Heptachlorodiixm-pdioxin 

Hexachlorodibeazofuran 

5.24 x lo-* 

10 

5 

10 

10 

10 

10 

10 

5 

10 

1.5 x 10” 

3.5 x 10” 

1.7 x 10” 

70-year 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

mdl-ISL 
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(Continued) 

October 12.1993 

5 +  

Leachate 
organic constituents ConcentrationPb Constrainf 

B 
Hexachlorodibenzo-pdoxin 

, Indene( 1.23cd)pyrene 

1.2 x 10-3 

10 

mdl-ISL 

mdl-ISL 

Naphthalene 

Octachlorodibenzofuran 

Octachlorodibe~p-dioxin 

Pentachlorophenol 

' Phenanthrene 

Pyrene 

Tetrachlorodibenzofuran 

Tetrachlomthene 

Vinyl Chloride 

7.09 x 10'' 

10 

10 

5.7 x 104 

2.0 

70-year 

mdl-ISL 

mdl-1SL 

mdl-ISL 

ISL 

' Constituent concentrations in micrograms per liter. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent. 
Constraint on reported concentration is by maximum detection limit (mdl), in situ leachate (ISL), CIS 
surface water (CISsw), or by the US EPA 70-year rule (70-year). 

D-1-61 
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TABLE D.1-21 

organic constituents 
Leachate 

Concentrations4b constraint’ 

1 12,3,7,8-pentachlorodibenzofuran 1 x 10-3 

2.3.4’7 &pe~ItaChIOrodim- 1.1 x 10-~ 

2’4 J -trichlorophenol 

4.4’-DDT 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene 

Aroclor-1221 

Aroclor-1242 

Aroclor- 1248 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

B=(a)pY=ne 

Benzo(b)fluoranthene 

Benzo(ghi)fluoranthene 

10 

12 

17 

50 

50 

100 

10 

10 

10 

Benzo(ghi)perylae 

Benzo(k)fluomthene 

Chrysene 

Dibenzo(a,h)anthracene 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibemfuran 

Heptachlorodibenzqdoxin 
2,- I efp - Hexichlorodibenmfuran 

10 

10 

10 

10 

2 

9 

2.4 x 10-3 

9.4 x io4 
1.2 x 103 

mdl-ISL 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

ISL 

ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 
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: c--4??32? TABLE D.1-21 
(Continued) 

Leachate 
organic constituents Conce=ntrations%b constraint' 

B 
Hexachlorodibemo-p-dioxin 7.5 x io4 mdl-ISL 

Indeno(l2,3cd)pyrene 10. mdl-ISL 

Naphthalene 16 ISL 

octachlorodibenzo~ 9 x io4 mdl-ISL 

octaChlOrodibe~p-dIO~ 1.2 x 10-3 mdl-ISL 

Pentachlorophenol 

Phenanthrene 10 mdl-ISL 

pyrene 10 mdl-ISL 

Tetrachlorodibenzofuran 1.7 x 10' mdl-ISL 

Tetrachloroethene 

Vinyl Chloride 

140 

6.0 

ISL 

ISL 

Constituent concentrations in micrograms per liter. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent. 
Constrain! on reported concentration is by maximum detection limit (mdl), in situ leachate (ISL), CIS 
surface water (CISsw), or by the US EPA 70-year rule (70-year). 

D-1-63 
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TABLE D.1-22 

organic constituents 
Leachate 

Concentrations'.b Constraint' 

1,2,3,7,8-~eIltachlO&rodibenzofuran 

2,3,4,7,8-ptachlorodim€uran 

2,4J-aichlorophenol 

4,4'-DDT 

4-Nitroaniline 

4-Niwphenol 

Acenaphthene 

Acenaphthylene 

Anthracene 

Aroclor-I221 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo( a)pyrene 

Benzo(b)fluoranthene 

Benzo(gh)fluoranthene 

Benzo(ghi)perylene 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibenzofuran 

Heptachlorodibem-@oxin 

Hexachlorodibexuduran 

0.5 

1 

mdl-CISsw 

mdl-CISsw 
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,A TABLE D.1-22 

Leachate 
organic constituents Concentra tionsqb Constraint' 

Hexachlorodibenzo-p-dioxin 

Indene( 1,2,34)pyrene 

Naphthalene 

Octachlorodibenzofuran 

Oc tachlorodibenzo-pdioxin 

Pentachlorophenol 

Phenanthrene 

Pyrene 

Tetrachlorodibemofuran 

Tetr achloroethene 

Vinyl ChIoride 

Constituent concentrations in micrograms per liter. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent, 
Constraint on reported concentration is by maximum detection limit (mdl), in situ leachate (ISL), CIS 
surface water (CISsw), or by the US EPA 70-year rule (70-year). 

D-1-65 
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' 3 'I 
, I  . -  

. 'ORGANIC LEACHATE CONCEmUmONS IN OPERABLE UNIT 1 - PIT 6 

Leachate 
Organic Constituents Concentrations4b constraintc 

1,23,7,8-pe11taChlOrodirodibenzofuran 

2,3 ,4,7 , S - ~ ~ U C h l O ~ & b e I E O ~  

2.45 -trichlomphen~l 

4,4'-DDT 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthy lene 

Anthracene 

Aroclor-1221 

Aroclor- 1 242 

Aroclor-1248 

Aroclor-1 254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo( a)pyrene 

Benzo(b)fluoranthene 

Benzo( ghi)fluoranthene 

Benzo(gh)perylene 

0.5 

See footnotes at end of table 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibenzofuran 

Heptachlorodibenisp-dioxin 

~ m m c . i z m A D : i ~ , ~ ! .  iki6rm 
D-146 
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L 

e. TABLE D.1-23 c' 

L- d?$ (Continued) 

Leachate 
Ormnic Constituents Concentrationskb Constraint' 

Hexachlorodibewfuran 

Hexachlorodibemp-dioxin 

Jndeno( 1,2,3-cd)pyrene 

Naphthalene 

octachlorodibemflKan 

Octachlorodibem-pdioxin 

Pentachlorophenol 

Phenanthrene 

Pyrene 

Tetrachlorodibemfurau 

Tetrachlotoethene 

Vinyl Chloride 

6 CISSW 

Constituent concentrations in micrograms per liter. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent. 
Constraint on reported concentration is by maximum detection limit (mdl), in situ leachate (ISL), CIS 
surface water (CISsw), or by the US EPA 70-yeaf rule (70-year). 
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~ 

organic constituents 
Leachate 

Concentrations4b constraint' 

123,7,$-pentachlOrodibeIlZOfuran 

2,3 ,~,7,$-pentachlorodibenzofuran 

2,4J-tri~hl0r0phm01 

4,4'-DDT 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene 

Aroclor-1-22 1 

Aroclor-1242 

Aroclor-1248 

Armlor-1254 

Aroclor-1260 

Benzo(a)antbracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo( ghi)fluoranthene 

Benzo(ghi)perylene 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibenzofuran 

Heptachlorodibenzo-@oxin 

- ,~exachlorodibenzofuran e,,? I];, 

40 

40 

20 

40 

40 

40 

40 

40 

40 

40 

40 

7.2 x io4 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 
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TABLE D.l-24 
(Continued) 

Organic Constituents 
Leachate 

Concentrationskb 

Hexachlorodibenzo-p-dioxin 

Indene( 1,2,3cd)pyrene 

Naphthalene 

o c t a C h l O r 0 d i b e ~ ~  

octachlorodibenu>-p-dioxin 

Pentachlorophenol 

Phenanthrene 

Pyrene 
Tetrachlorodibenzofuran 

Tetrachloroethene 

Vinyl Chloride 

40 

12 

1.1 x 10-3 

1.8 x 10-3 

200 

40 

40 

2 

1 ,ooo 

mdl-ISL 

ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

mdl-ISL 

ISL 

mdl-ISL 

Constraint' 

Constituent concentrations in micrograms per liter. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent. 
Constraint on reported concentration is by maximum detection Limit (mdl), in situ leachate (ISL), C I S  
surface water (CISsw), or by the US EPA 70-year rule (70-year). 

b 
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.L 7 TABLE D.1-25 

ORGANIC LEACHATE CONCENTRATIONS IN OPERABEE UNIT 1 - CLEARWELL 4 
Leachate 

Concentra tionskb constraintc organic constituents 

1,2.3,7,8-ptachl0~~lirodibenzofuran 

2,3,4.7,8-pentachlorodilxmz.o~ 

2.45 -hichlorophenol 

4,4'-DDT 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene 

Aroclor-1221 

Aroclor-1242 

Armlor-1248 

Aroclor-1254 

8.96 x 10' 70-year 

6.5 x 70-year 

1 

1 

mdl-CISsw 

mdl-CISsw 

mdl-CISsw 2 

Aroclor-1260 

Benzo(a)anthracene 

Benzo( a)pyrene 

Benzo(b)fluoranthene 

Benzo(ghi)fluoranthene 

- 

B-(ghi)perylene 
Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Dichlorodifluoromethane 

Fluoranthene 

70-year 

70-year 

70-year 

1.29 x 10' 

9.68 x lo5 
1.03 x 10' 

3.32 x 105 
1.08 x lU' 

1.45 x 10' 

70-year 

70-year 

70-year 

4.48 x 10' 

4.05 x lo2 
70-year 

70-year Fluorene 

Heptachlorodibewfuran 

Heptachlorodibenm-pdioxin 

Hexachlorodibenzofuran 
*./ ( 
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(Continued) 
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* Leachate 
Ornanic constituents ConcentrationPb constraintc 

Hexachlorodibenzo-p-dioxin 

Indeno(l,Z,3-cd)pyrene 

Naphthalene 

O c t a c h l o r o d i b e m ~  

3.90 x lU2 70-year 

Octachlorodibenzo-pdioxin 

Pentachlorophenol 

Phenanthrene 

Pyrene 
Tetrachlorodibenzofuran 

Tetrachloroethene 

Vinyl Chloride 

2.58 x lU' 

2.02 x 10'' 

70-year 

70-year 

Constituent concentrations in micrograms per liter. 
Blank spaces indicate that the constituent was not detected or analyzed in waste pit materials, therefore 
no leachate concentration was derived and the waste unit was assumed to have 0 source for that 
constituent. 
Constraint on reported concentration is by maximum detection limit (mdl), in situ leachate (ISL), CIS 
surface water (CISsw), or by the US EPA 70-year rule (70-year). 

a 0 0 8 1  
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D3.O SURFACE WATER MODELING 

D.2.1 INTRODUCI'ION 
The modeling approach used to estimate contaminant concentrations in surface water and sediment 
fesulting from transport by surface water runoff from Operable Unit 1 is described in this section. 
Modeling the transport of soil by runoff quires characterization of the contaminants in the initial soil 
or waste source term. Based on the runoff scenarios selected, runoff and partitioning models we= 
used to quantify the migration of contaminants from the waste source term to meam sediment and 
surface water from erosion by runoff effluent. 

Contaminants in surface soil can be released from s o w  areas and transported to surface water via 
precipitation runoff. During a rainfall event, some amount of the rainwater infiltrates the soil surface 
and some runs off the surface as shown in Figure D.2-1. The amount of runoff depends on soil type, 
vegetative cover,.the amount of moisaue already present in the soil, and the intensity and duration of 
rainfall, slope length, and slope steepness. 

Contaminants in the surface soil can be transported via runoff either in the dissolved phase or adsorbed 
to soil particles. The less soluble a contaminant is in water, the mom likely it will be adsow to soil 
particles. Because the water solubility of contaminants in Operable Unit 1 can vary widely, transport 
is modeled for both dissolved-phase and adsortxxi-phase contaminants. 0 
Because Paddys Run is in direct contact with the Great Miami Aquifer over a portion of its course, 
this section also describes the use of the surface water modeling results to define source t e k s  for the 
aquifer modeling performed in Section D.3.7. 

D.22 CONCEPTUAL MODEL 
Sources that are potentially vulnerable to erosion by surface water flowing across Operable Unit 1 axe 

the contaminated surface soils within Operable Unit 1. These soils can contribute to off-property 
co- ' 'on of surface water and sediment. Because Paddys Run would receive any runoff from 
these soils and the area of Operable Unit 1 is relatively small, these soils rn mated as one large 
source when assessing the impact of Operable Unit 1 on water quality in Paddys Run and the Great 
Miami River. Surface soil CoNaminant concentrations used in the surface water assessment am the 
upper 95 percent confidence interval on the means of the surface soil concentrations reported in each 
individual sample from the CIS and RUFs surface soil data bases for Operable Unit 1 (Table D.2-1). 
For modeling plrposes, compounds which were not detected (ND designation in Table D.2-1) in any 
available sample were assigned a value of zero in assigning source concentrations. For surface water 
modeling purposes, all of the waste areas for Operable Unit 1 were treated as a single source. 
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Paddys.R&-'is an intermittent stream that begins north of the site and flows southward along the 
western edge of the Femald Enirorrmental Management Project (FEMP). Prior to the completion of 
Removal Action No. 2, natural drainage fnnn Operable Unit 1 flowed to paddys Run (Figure D.2-2). 
Paddys Run flows into the Great Miami River 15 miles south of the FEMP. Removal Action No. 2 
was undertaken to m i & h  future m f f  from reaching Paddys Run. field work was completed for 
the implementation of this removal action in July 1992. 

The direction of surface water flow is determined by examin@ the topographic map of the Operable 
Unit 1 Study Area presented in Figure D.2-2. figure D.2-2 also provides information on the slope of 
the ground surface in the Operable Unit 1 Study Area, and the distance to the nearest receiving stream 
(Paddys Run). 

Local meteorological data are used to obtain estimates of the amount and duration of rainfall at the 
site. The volume of surface water runoff flowing to M y s  Run is estimated in the surface water 
nmoff modeling using the SCS m e  method. The surface runoff modeling was based on a single 
stom event (6.35 cm in 24 hours; Hershfield 1961). For surface flow modeling purposes. the flow 
rate in Paddys Run of 410 m3/hr generated by the storm is used. 

Information on the soil types present is obtained from the soil borings in Operable Unit 1 using the 
U.S. Soil Conservation Service designations, which are presented in detail in Section 3.0 of this RI 
report. The types and areal density of vegetation in Operable Unit 1 are provided by aerial photos, 
site reconnaissance and interviews with personnel familiar with the Operable Unit 1 Study Area. 

Many of the organic contaminants of potential concern (CPC) found at Superfund sites are nonpolar, 
hydrophobic substances. Such substances tend to sorb to soils and migrate from the site more slowly 
than will polar substances. Estimates of the amounts of hydrophobic substances released in site nmoff 
were calculated using the Madified Universal Sod Loss Equation (MUSE). Additional equations 
were used to describe contaminant partitioning between soil and water in the receiving water body. 
These partitioning models provided an estimate of the contaminant concentraton in surface water 
nmoff and in the soil that is canied with the runoff and deposited in the sediments of receiving surface 
water bodies (Haith 1980; Mills et al. 1982). Contaminant concentrations in Paddys Run are 
calculated as simple dilutions of dissolved concentrations in surface water runoff. Contaminant 
concentrations in the Great Miami River are calculated as simple dilutions of dissolved concentrations 
in Paddys Run. 

D.2.3 SURFACE WATER MODEL APPLICATION 
Two soil loss models obtained from the EPA "Superfund Exposure Assessment Manual" (EPA 1988b). 
the Universal Soil Loss Equation (USLE) and MUSLE, were considered as tools to quantify soil 
migration The USLE model takes the same form as MUSLE, except the USLE uses an area- 
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dependent method to determine mff, while MUSE employs event-specific runoff volume and flow 
rate variables. 'Ihe MUSLE model was chosen over the USLE model to facilitate evaluation of an 
event-specific worst-case conservative scenario as opposed to a yearly average contaminant transp~n 

scenario. The M U S E  model calculates the total mass of soil transported by surface water in a single 
rainfall event using event-specific runoff volume, stom duration, and flow rate variables. 

Additional equations were used to describe contaminant partitioning between soil and water in the 
nmoff flow. These partitioning equations provide an estimate of the contaminant concentration 
dissolved in water runoff and adsorbed to the soil that is carried with the runoff and deposited in the 
sediment of receiving surface water bodies (Haith 1980; Mills et al. 1982, Mockus 1972). The volume 
of runoff is also estimated to determine both the amount that saeam flow may be increased by a 
nmoff event, and to estimate dissolved contaminant loading. The depth of runoff is calculated as a 
function of the depth of rainfall and a soil water retention factor. In effect. the amount of water 
retained by the soil is subtracted from the total amount of M a l l  and the remainder is available as 
nmoff flow. A certain amount of rainfall, depending on soil conditions, is required before any runoff 
 occur^. The dissolved contaminant concentration in the G m t  Miami River is estimated as a simple 
dilution of runoff concentration by the flow in the Great Miami River. 

D.2.3.1 Model A S S U I ~ D ~ ~ O ~ ~  
These models are based on the following assumptions: 

Constituents adsorbed to soils in runoff remain adsorbed in the stream sediments. 
Constituents dissolved in runoff water m a i n  in the water column in the receiving 
Smam. 

D.2.3.2 Calculation of Soil Loss from Runoff 
The soil loss model, MUSLE, obtained from the EPA "Superfund Exposure Assessment Manual," 
(EPA 1988b), is used to model the amount of contaminated soil migrating to Paddys Run from erosion 
by precipitation runoff. The MUSLE model is based on the following equation. 

The MUSLE employs event-specific runoff volume and flow rate variables: 

Soil loss in runoff (metric tons per event) 
Conversion factor (1 1.8 for metric units) 
Volume of runoff (m3) 
peak mff flow rate <m3/s> 
Soil erodibility factor (metric tonslhaEunit erosion potential 
Product of slope length factor and slope steepness factor (0.25, unitless) 
Cover factor (unitless) 
Erosion control practice factor (unitless) 

D-2-3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

%I 

25 

26 

n 

28 

29 
30 
31 

32 

33 

34 

35 . I 



FEMp-olRI4 DRAFI' 
October 12.1993 

Intermediate parameters Vr and % are calculated by: 

2 

WIEle 

bnd 

q,, is calculated by 

3 

Qr = R - 0.2Sw)2/& + O.8Sw) 4 

5 

s, = (254)[(1000/cN)-101 6 

7 

8 

For the calculations of Vr and s,: 
A = &- surface area (ha) 
Qr = Depth of runoff (cm) 
4 = Depthofrainfallevent(cm) 
S, = Soilwaterretentionfactor(cm) 
CN = SCS runoff m e  number (unitless) 
Tr = Rainfall duration (hours) 

9 

10 
11 

12 
13 

14 

Table D.2-2 lists the parameter values used in the Operable Unit 1 surface water runoff assessment. 
Based m these values, the calculated soil loss Y(s)E is 0.53 metric tons per event for the Operable 
unit 1 area 

16 

17 

18 

D.2.3.3 Calculation of Contaminant Partitioninn and Loading 
Tbe portion of contaminant from the eroded soil that remains with the sediment or is dissolved in the 
water is estimated using the following equations, respectively: 

19 

20 

21 

and 23 

ss = Available quantity of contaminant absorbed to sediment (g) 
& = Available quantity of contaminant dissolved in water (g) 
e, 
P = Bulk soil density @/cm3) 

= 
= 

= 

Available water capacity in top cm of soil (unitless) 
chemical-specific sorption partition coefficient (cm3/g) 

Concentration of contaminant in soil ( m a g )  
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A’ = Con taminated volume (ha-cm) 
CF = Conversion factor (100 kg/mgcm2/ha) 

The mass of absorbed contaminant in the source a m  is: 

The contaminant concentration in sediment of the receiving water body is: 

where 

cs = Concentration of contaminant in sediment (mgflrg) 
P% = AbsoMquantityofcontaminant(g) 

The mass of dissolved contaminant from the source m a  is: 

where 

mi = Dissolved substance available per event (g) 

The contaminant concentration in the runoff effluent is: 

Ce = PQJVr 

Where 

mi = Dissolved substance available per event (g) 
= 
= Volume of runoff (m3) 

Concentration of contaminant in mff (mglp) Ce 
VI 

The dissolved contaminant concenlration in the receiving water body (Paddys Run) downsmam is: 

Where 

C, = Concentration of contaminant in water downstream ( m a )  
Qe = Average runoff effluent flow rate (Vfl,; m3/hr) 
Qt = HOW rate of lleceiving water body (m3/hr) 

The dissolved contaminant concentration in the Great Miami River is estimated by: 
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Where 

Cgmr = 
~ g m r  = 

Concentmion of contaminant in the G a t  Miami River ( m a )  
FIOW rate ofthe  rea at Miami River (m3/hr> 

An average flow rate of 340,OOO m3/hr was used for the Great Miami River based on previous studies 
(DOE 1993a). For determining the collcentrations in the Great Miami River, it was conservatively 
assumed that flow and contaminant mass in Paddys Run empties into the Gnxt Miami River. 

D.2.4 RESULTS OF SURFACE WATER RUNOFF MODELING 
Results of the surface water modeling are presented in Table D.2-3. These results show pounds per 
day of contaminant flowing in W y s  Run, Paddys Run s e d i m e n t c o w  'on. Paddys Run 
concentration, and Great Miami River concentrations. These results show ranges in Paddys Run 
concentrations from a minimum for cesium-137 of 2.68OE-14 mg/L to a maximum for uranium-238 of 
2.55E-01 m a .  Since a constant dilution factor converts Paddys Run concentration to Great Miami 
River concentration (see discussion above), the constituents maintain the same relative concentrations 
in the Great Miami River although they are approximately 3 orders of magnitude lower. As shown in 
Table D.2-3 Fhddys Run sediment is predicted to have 7.24 x 102 mg/kg concentration of uranium-238 
(the maximum constituent) and less of the remaining constituents depending on the distribution 
coefficient (Kd). 

D.2.4.1 C ~ D  arison of Modeled Results to Measured Concentrations 
Modeled concentrations in Paddys Run surface water are c0mpan-d to measured concen-ns for 
several constituents in Table D.24. Actual surface water concentrations are expected to vary over 
time, d e w  on the current rainfall pattern Also. a direct comparison is limited by the scope of 
the surface water runoff model; only surface soil within the Operable Unit 1 Study Area are accounted 
for, while actual concentrations in Paddys Run result from runoff from the entire stream drainage atea 
includmg upmeam contributions. 

Measured and modeled concentrations are consistent for the following constituents: thorium-230, 
thorium-232, cadmium, chromium, copper, nickel, and silver. In most of these cases, both modeled 
coIlcentratons and measured concentrations in surface water samples are less than the reported 
detection limits for surface water samples. The modeled concentration for lead is approximately 2 
orders of magnitude less than meaSured concentrations. Modeled activities for uranium-234 and 
uranium-238 are approximately 1 order of magnitude higher than measured activities. For lead, the 
modeled concentration is lower than the measured concentration which could be due to sources other 
Operable Unit 1. 

The fact that modeled results for several Constituents are consistent with measured data suggests that 
the Surface water runoff model is producing reasonable estimates of surface water runoff from 
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Operable Unit 1. Comparison to measured data, however, is limited based on the discussion presented 
above. 

D.25 UNCERTAINTIES IN THE SURFACE WATER MODEL, 
The surface water model is a mathematical tool which simplifies the actual situation. Uncertainties in 
the output from the model are introduced from three primary sources: 

0 Input Variable Uncertainty: The accufacy of the model prediction is highly dependent 
on the accuracy of the input variables. Input variables such as the SCS runoff m e  
number, rainfall and runoff factor, soil erodibility factor, slope length and steepness 
factor, cover factor, etc. are approximate numbers representing the physical 
characteristics of a given site. The chemical-specific & values, used to calculate the 
fraction of contaminants sorbed to soil particles, are another sowe of uncertainty. 

0 Modeling Uncertainty: Any mathematical model repIlesenting a physical process tends 
to be simplified to making approximations and assumptions. The uncertainties in 
model predictions will increase with incmmd simplification of the model. Several 
portions of the surface water model equations consist of empirical equations which are 
approximations of actual physical processes. 

Scenario Uncertainty: The assumption that the whole area of Operable Unit 1 acts as 
a point source of contamination, and the use of area-weighted average concentrations 
for the site will introduce some uncertainty in the model predictions. Another source 
of uncertainty and conservatism is the assumption of immediate failure of the liners for 
Pits 1, 2, and 4. 

D.2.6 PADDYS RUN LOADING TO THE GREAT MIAMI AQUIFER 
Because Paddys Run lies directly in contact with the Great Miami Aquifer over a portion of its course, 
a contaminant migration pathway exists into the aquifer through its sueambed. Migration of 
C O n t a m l M n  ' ts in surface runoff to Paddys Run from the surface soil in the Operable Unit 1 waste areas 
and from Paddys Run to the G m t  Miami Aquifer has been designated the surface water to 
pundwater pathway. As discussed below, a screening procedure and method of deriving the 
COntamlMn ' t loading to the Great Miami Aquifer from Paddys Run based on the results of the surface 
water modeling were developed to account for this pathway in the gtoundwater fate and transport 
modeling (Section D.3.0). 

D.2.6.1 Paddvs Run Screening 
Figure D.24 presents the surface water to groundwater pathway transport modeling diagram which 
shows the different steps that are involved in developing the source terms for CPCs and the modeling 
process. Bcs that follow the surface water pathway to the Great Miami Aquifer are first screened to 

remove constituents that pose insignificant risk. This screening is performed by taking the 
CONarmnan ' t concentraton in the runoff effluent (Ck, from MUSLE, and applying a Great Miami 
Aquifer dilution factor to this concentration to determine a theoretical Great Miami Aquifer 
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WlW3XEUl 'on. This theoretical Great Miami Aquifer concentration was then compiued to lo-' risk 
based concentrations for wcinogens or 0.1 Hazard Quotient co- 'ons for non-carcinogens. 
These meening concentrations are derived by dividing the lob risk based concentrations or Hazard 
Quotient of 1 concentrations for tap water (EPA 1993) by 10. If theoretical Great Miami Aquifer 
c~mentratio~ls zue below the screening concentrations then the constituent is screened out and is not 
modeled in the aquifer (Table D.2-5). 

The Great Miami Aquifer dilution factor is determined by a mixing equationbased on the direct 
infiltration of 30 percent of the runoff effluent volume, prior to dilution in Paddys Run, into the Great 
Miami Aquifer as described below. 

The predicted theoretical diluted concentration in the Great Miami Aquifer based on mixing of rumff 
effluent volume with the volume of water in the Great Miami Aquifer flowing in 1 Sandia Waste 
Isolation Flow and Transport (SWIFT) cell is: 

Where 

= 

V,, = 

Predicted theon3ical diluted concentration in the Great Miami Aquifer (ma) 
Volume of groundwater in layer 1 of the Great Miami. Aquifer in the average 
thickness Sandia Waste Isolation Flow and Transport (SWIFT) cell block along 
Paddys Run in close proximity to Operable Unit 1 (e) 

v,, = RIIIWR volume per SWIFT cell <ft3/cell> 

The volume of water flowing through the SWIFT cell is calculated from: 

Where 

W, = 

T = 
+GMA - -:- Porn$ of the Great Miami Aquifer (25 percent) 

Average width of Paddys Run for modeling purposes (25 ft) 

Thickness of layer 1 of the Great Miami Aquifer in S W  cell (34.28 ft) 
L d  = Length Of SWIFT cell (125 f e t )  

. *  

The V,, is calculated to be 2.6778Ed ft? per 24-hour storm event. 
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The runoff effluent volume per SWIFT cell along Paddys Run is estimated from: 1 D 
WheFe 

Vr 
I 

N 

= 
= 

Runoff volume from MUSE based on 24-hour stom event @/day) 
Pemtage of runoff effluent volume assumed to infiltrate to the Great Miami 
Aquifer through Paddys Run (30 percent, DOE, 1993b) 
Number of SWIFT cells along Paddys Run between Operable Unit 1 and the 
FEMP property boundary (83 cells) 

= 

The Vm is estimated as 274.01 @/daycell. 

Table D.2-5 shows the mults of the Paddys Run dilution screening of CPCs. Constituents requiring 
modeling with SWIFT are arsenic, technetium-99, uranium-234, and uranium-238. These 
w ntamhnB represent the surface water pathway source tenns for the Great Miami Aquifer modeling 
performed in Section D.3.7. 

Table D.2-6 presents a comparison of the maximum concentration in selected wells located along 
Paddys Run (see Figure D.2-3) and the predicted theoretical diluted concentration in the Great Miami 
Aquifer. Wells 2009,2108,2004 and 2107 were selected based on their close proximity to. Paddys 
Run. As shown on Table D.2-6, the predicted aquifer concentrations for the constituents of wncem 
requiring m r  modeling are generally within the same order of magnitude as measured 
co- 'om in the wells with the exception of arsenic. The good correlation between measured and 
predicted concentrations suggests that the screening procedure produces misonable estimates of diluted 
aquifer concemah 'on from Operable Unit 1. The predicted concentration for arsenic at 5.855E-06 
mg/L is three orders of magnitude less than the maximum detection limit (5.000E-03 me), which 
indicates that arsenic concentrations, if present near or at the maximum detection limit, could be due to 
sources other than Operable Unit 1. 

D.2.6.2 SWfFT Loading from Paddvs Run 
Based on the Charaaenstics of the infiluation from Paddys Run to the Great Miami Aquifer, a 
concepml model was developed for the surface water to groundwater pathway for the Operable Unit 1 
waste areas (Figure D.2-1). Surface water carrying dissolved contaminants in Wdys  Run as described 
in Section D.2.2 can inNtrate into the Great Miami Aquifer in locations where the sueambed lies in 
direct wntact with the aquifer. Based on previous Paddys Run flow and infiltration studies (DOE 
1993b). 30 percent of the runoff effluent volume is assumed to infiltrate to the Great Miami Aquifer 1 
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through Paddys Run during stom events. The linear extent of the 83 grid cells along M d y s  Run 
which were used for contaminant loading to the Great Miami Aquifer is shown on Figure D2-3. For 
modeling p3lrposes, mass loading from Paddys Run to the Great Miami Aquifer included those grid 
cells which were located between uppermost reach of Paddys Run adjacent to Operable Unit 1 and 
the FEMP propelty boundary where paddys Run exits the site. 

using the results ob afre surf= water mdeling and CBI1sTiwm sneening process described in 
Subsection D2.6.1, the loading rates of each compound were used to calculate the expected loading 
which would occur in the Great Miami Aquifer. The calibrated groundwater flow model for the 
FEMP was then used to simulate the solute transport of the compounds in the Great Miami Aquifer as 
further described in Section D.3.7. 

D-2-10 
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TABLE D.2-1 i L - 4  
AVAILABLE POTENTIAL CONSTITUENT OF CONCERN CONCENTRATIONS IN 

SURFACE SOILS AT OPERABLE UNIT la 

constituent Upper 95% CI Concentration 

Inorganicsb 

Antimony 27.2 

Arsenic 4.9 

BariU 56.9 

Berylium 0.8 

Cadmium 5.8 

Chromium 14.3 

cobalt 10.4 

Copper 17.0 

Cyanide 

Lead 

Manganese 

Mercury 
Molybdenum 

Nickel 

selenium 

Silver 

m u m  
Vanadium 

Zinc 

0.3 

15.9 

574.1 

0.1 

4.3 

29.4 

0.6 

8.9 

0.7 

19.6 

46.7 

Organics 

4,4'-DDT 

Aroclor-1221 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

NDd 

ND 

ND 

1400.0 

200.0 
~~ 

Radionuclides? 

Cesium- 137 

~ l ~ l m u D ~ l ~ l 3 - 9 3  llrnmr 
D-2-12 
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TABLE D.2-1 
(Continued) 

constituent I Upper 95% CI Concentratl 'on 

Nepamium-237 

Plutonium-238 

Plutonium-239-240 

Ruthenium-106 

Strontium-90 

TeChnitiUm-99 

Thorium-230 

Thorium-232 

uranium-234 

Uranium-235 

Uranium-238 

Uranium-Total 

0.5 

0.4 

0.1 

ND 

1.7 

8.7 

74.9 

4.3 

60.1 

6.8 

244.7 

73 1.23' (mg/kg) 

* Surface soil concentrations from the CIS surface soil data set. 
bAllco- '011s in milligrams per kilogram @pm). 
AU concentfations in micrograms per kilogram (ppb). 
ND indicates constituent was not detected in any samples in the CIS surface soil data set. 
AU concentrations in picoauies per gram (pCi/g) except Uranium-total which is in micmgrams per gram 

Uranium-Total concentration derived from Uranium-238 concentration from CIS surface soil data (244.7 
pCi/g 0.337 [a conversion factor to micrograms per gram] 0.997 [ratio of U-238 to U-234 + U-235 
+ U-2381). AU other radionuclide concentrations are in pCi/g. 

C 

rn). 
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TABLE D.2-2 

1993 
Hr 

VARIABLES USED IN THE SURFACE WATER RUNOFF MODEL 

Values Variables Units 

C, cover factof 

LS, product of slope length factor and slope steepness facto+ 

K, soil erodibility facto* 

e,, available water capacity" 

<Ip, peak Nnoff flow rated 

Q, depth of runop 

R, depth of rainfall during evenf 

A, contaminated areac 

TI, storm durationf 

V, volrrnie of runofPC 

P, erosion corn1 practice facto+' 

CN, SCS runoff curve numberS 

unitless 

unitless 

metric tondhahnit 
erosion potential 

unitless 

m3/5 
cm 

cm 

hectares 

hr 

m3 

unitless 

unitless 

~~ ~ 

0.042 

0.25 

0.37 

0.15 

0.04 

1.25 

6.35 

17.2 

24 

2146 

1 .o 
71 

- 

'Atlantic Environmental Services (AES), 1988, Exhibit 7-5. 
%.S. Environmental F3otection Agency, 1988, Figure 2-6. 
cCalculated from site-specific information. 
dcalculated in Section D.2.3.2. 

fl-year, 24-hour stom event (Hershfield, 1961). 
gMills et al., 1985. 

1988, Exhibit 7-11; Mills et al., 1985. 
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TABLE D.2-3 
. .  

MODELED CONCENTRATIONS IN PADDYS RUN AND 
"HE GREAT MIAMI RIVER 

Paddys Run Paddys Run G m  Miami River 
Loading Concentrat on Concentration 

Paddys Run 
MUSLE Sediment 
constituents Concenrration 

(mg/kg) Ob/daY) - (mg/O C P  (mg/4) 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 
cobalt . 

Copper 
Cyanide 

I&ad 

Manganese 

M e w  
Molybdenum 

Nickel 

selenium 

Silver 

Thallium 

Vanadium 

Zinc 

2.720 x 10' 

4.900 x loo 

5.69 x 10' 

8.000 x lo-' 

5.800 x le 
1.430 x 10' 

1.040 x 10' 

1.700 x 10' 

8.92 x 

1.590 x 101 

5.74 x 10 

9.90 x 

4.300 x loo 

2.940 x 10' 

6.00 x lo-' 

8.890 x le 
7.000 x lo-' 

1.960 x 10' 

4.670 x 10' 

4.000 

9.010 x 10-8 

1.840 10-~  

2.260 x ld9 
4.270 x lo4 

3.510 x 10" 

6.950 x lo4 

5.000 

1.950 x 10-8 

1.17 10" 

3.64 x 10" 

1.760 

1.660 

1.820 

7.65 x lo8 

2.98 x lo4 

1.72 x lo4 

7.210 x lo4 

7.160 x lo4 

5.540 x lo4 

1.040 x lo4 

2.110 10" 

2.600 x 10" 

4.900 lo5 

4.030 10-~  

5.750 x io4 
8.80 10-~ 

2.240 lo5 

8.000 x lo-' 

1.350 x 

4.19 x lo-' 

2.020 x lo4 

1.910 x lo4 

3.43 x 10" 

2.090 x lo4 

8.290 10" 

8.230 lo5 

1.97 x 10" 

5.540 

2.541 

5 . m  x 10-8 

1.250 x 

3.133 x 

4.854 x 10" 

9.626 x 10" 

6.919 x 

1.059 x lo-' 

2.699 x 10-8 

1.623 x lo-' 

5.041 x lo4 

2.430 10-~ 

2.303 10-~ 

4.128 x lo4 

2.516 x 

2.376 x lo4 

9.979 x lo4 

9.907 x lo4 

Organics 

Aroclor-1254 1.400 x loo 7.690 x lo-" 8.840 x 10' 1.064 x 10-'O 

Aroclor-1260 2.000 x lo-' 1.19 x 10-10 1.37 10-~ 1.648 x lo-'' 

Radionuclides 

Cesium- 137 1.150 x 108 2.330 10-l~ 2.680 10-l~ 3.232 x 

Neptunium-237 7.070 x l f l  4.730 x lo-" 5.440 x 10' 6.544 x lo-'' 
' .  
~ 1 ~ 1 ~ ~ ~ 1 ~ 9 3  1 l : l h  
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TABLE D.2-3 
(Continued) i - 

Paddys Run Psaddys Run Great Miami River 
Loading Concentration Concentration 

Paddys Run 
MUSLE sediment 
constitllents Concentration 

Plutonium-238 2.333 x 10" 5.050 x 10-l~ 5.810 10-l~ 6.990 x 

Why) cw (mu0 cgmr (mg/p) (mg/kg) 

Plutonium-239 1.610 x lo4 3.480 io-" 4.000 10-l~ 4.819 x lo-'' 
and 240 

6.276 x lO"' Strontium-90 1.230 x 10-8 4.530 x 5.210 x 

Technetium-99 2.760 x lo4 8.590 io9 9.880 x lo4 1.190 x 10" 

Thori~m-230 3.710 x 2.350 x 2.700 3.256 x 

Thorium-232 3.930 x 10' 2.490 x 10" 2.860 lo5 3.448 x 10" 

uranium-234 9.540 x 2.930 x lo9 3.360 x 106 4.050 x lo9 

1.100 1.323 x lo4 

Urani~m-238 7.240 x I d  2.220 x lo4 2.550 x lo-' 3.072 x lo4 

Uranium-235 3.120 x 100 9.560 10-~ 
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TABLE D2-4 

COMPARISON OF MODELED RESULTS TO MEASURED 
SURFACE WATER CONCENTRATIONS IN PADDYS RUN 

FEMP-OlRI-4 D M  
October 12.1993 

constituent of Modeled Concentration Range of Measuned 
Potenrial Concerna in Paddy's Runb Concentrations in Paddy's Run 

Radionuclides (pCih) 
~ 

Thorium-230 

Thorium-232 

uranium-234 

Uranium-238 

5.45 x lo-* 

2.10 x 10' 

8.55 x 10' 

3.13 x lo-' 

<1 .O-2.3' 

<I.@ 

1.2-3.6' 

2.0-6.8' 

Cadmium 

Chromium 

copper . 

Lead 

Nickel 

Silver 

0.049 

0.0403 
0.575 

0.0224 

0.191 

0.0209 

Qd 

< 1 4  

<I@ 

7.4-9.3d 

Qod 
44 

aCoc listed ody if measured data were available.for comparison. 
"Modeled from surface soil source tern. 
%om Operable Unit 4 Remedial Investigation, U.S. Department of Energy, 1993, Table 4-SW. surface 
water sample locations W-10 and W-11. 

dASWT, Geochemical Program Issues 3 and 5. 
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TABLE D.24 

41 PADDYS RUN LOADING - SCREENING FOR SWIFT 

p~edicted muted FWC-BM or 
Aquifer 0.1 Hazard 

Concentration Quotient Screening 
CGMA (mg/P) Level (mglp) 

Runoff Effluent 
Concentration MUSLE 

constiments c, ( m m  
Inorganics 

SWIFT 
Modeling 

Status 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

cobalt 

Copper 

Cyanide 

Lead 

Manganese 

Mercury 
Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

zinc 

2.570 x 

5.780 x 10" 

1.180 10-~ 

1.450 x lo5 

2.740 x 10" 

2.250 x 10" 

4.470 x 10" 

3.210 x 10" 

4.910 x 

1.250 x 10" 

7.530 x 10" 

2.340 x lo4 

1.130 10-~ 

1.070 lo9 

1.920 x i o5  

1.100 io5 

4.600 x 10" 

1.170 x 

4.630 x 10" 

2.603 x 10-~ 

1.195 10-~ 

5.855 x 10" 

1.419 x 

2.775 x 10" 

2.279 x 10" 

4.528 x 10" 

3.251 10-~  

4.973 x 10" 

1.266 x 10" 

7.627 x 10" 

2.370 x 10" 

1.145 x 

1.084 10-~ 

1.945 

1.185 lo5 

1.114 x 

4.690 x 10" 

4.659 x 10" 

1.500 x 

4.60 x 10" 

2.600 x lo-' 

1.900 x 10" 

1.800 10-~ 

2.0 x 10-1 

1.400 x 10-1 

1.500 x 

1.100 

7.300 x 10-2 

1.800 x 

1.800 x lo9 

1.800 x 

1.800 x 

1.800 x 

1.800 x 

2.900 x 10" 

2.600 x 10-2 

1.100 x 10-10 

No 
Yes 

No 

No 
No 

No 

No 

No 

No 

No 

No 

No 

No 
No 

No 

No 
No 

No 
No 

Organics 

Aroclor- 1254 6.460 x 10" 6.543 x 1@ 1.00 x 10-~  No 
Aroclor- 1260 7.640 10-~  7.739 1.00 10-~  No 
Radionuclides 

~ . .  

Cesium- 137 1.500 10-l~ 1.519 x 10-l~ 2.200 x 10-12 No 

Neptunium-237 3.040 x 10." 3.079 3.400 x 10-8 No 

Pl~t~ni~m-238 3.240 x 10" 3.282 x lo-'' 1.400 x 10-12 No 
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TABLE D.2-5 
(Continued) 

Pl~tOni~m-239/240 

Strontium-90 

Technetium-99 

Thorium-230 

Thorium-232 

uranium-234 

Uranium-235 

Uranium-238 

2.240 x 

2.910 x 10-" 

5.520 10" 

1.510 x lo4 

1.600 x lo4 

1.880 lo9 

6.140 io9 

1.430 x lo4 

2.269 

2.948 10-13 

5.591 10-~  

1.529 x lo-'' 

1.621 x la6 
1.904 10-~ 

6.219 x lo-' 

1.448 x lo-* 

3.700 x lo-'' 

1.100 x 10-12 

2.400 

2.000 x lo4 

2.900 x lo4 

5.300 x lo4 

1.500 x lo4 

5.600 x lo4 

No 

No 

Yes 

No 

No 

Yes 

No 

Yes 
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4 TABLE D.24 
Rw- 

COMPARISON OF SELECTED 2ooO-s- WELL CONCENTRATIONS TO 
PREDICTED MAXIMUM DILUTED AQUIFER CONCENTRATIONS 

Meted 
Surface Water Well 20098 Well 2108' Well 2004' Well 21Wa Diluted Aquifer 
Pathway COC (mu0 (mglO (mu0 Concentration 

(g/0 

Arsenic 5.000 NA 5.ooO x 5 . q ~  10- 5.855 x 10" 

Technetium-99 NAc NA 8.247 x NA 5.~91 

uranium-234 4.597 1.592 10" 5.494 2.467 1.904 

Uranium-238 1.253 x 2.959 x 1.850 x 6.444 x 10" 1.448 x 

a 

b 
C 

Concentration from FEMP groundwater data base. Unless otherwise indicated, the concentration 
represents the maximum detected wncentration over 12 sampling events from 1990 through 1992. 
Sample concentfation was below detection limit so the maximum detection limit was used. 
NA - data not available. 

.. . , 
::. '. ., : , 

. .  
. ... I .  , 

fi 1.0 4 
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OPERABLE UNIT 1 
SURFACE SOILS - SURFACE WATER TO GROUNDWATER PATHWAY 
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D3.0 GROUNDWATER FATE AND TRANSPORT MODELING 

D.3.1 INTRODUcllON 
The objective of this section is to evaluate the fate and transport of constituents as they migrate from 
the Operable Unit 1 area through the vadose mne or Paddys Run streambed to the Great Miami 
Aquifer. This section provides a more detailed discussion of the modeling that is summarized in the 
main RI Report text (Section 5)  and provides the necessary support information for Section 5.  The 
Operable Unit 1 waste areas axe Waste Pits 1 through 6, the Bum Pit, and the Cleanvell. 

Groundwater fate and transport models are used to predict contaminant movement from source 
volumes (waste areas) to recepQor locations through the groundwater pathway. Used in conjunction 
with monitoring data, these models predict fume contaminant concentrations at potential exposure 
locations whem measured contaminant concentration data are not available. The modeling provides 
the best data on contaminant migration into off-property locations or for future exposure predictions by 
extrapolating from known field data Conservative assumptions are used in the modeling to provide a 
reasonable "worst case" picture of risk. The modeled future concentrations are also based on the 
unremediated baseline case for the Operable Unit 1 waste areas. The results of the groundwater fate 
and transport modeling are used in the Operable Unit 1 Baseline Risk Assessment (Appendix E) to 
estimate potential risks to the environment and human health. 

This section presents a description of the technical approach and the methods used to quantitatively 
predict contaminant concentrations for use in the Operable Unit 1 Baseline Risk Assessments. 
This section: 

Resents background information on the hydrogeologic setting 

Defines the conceptual groundwater flow model based upon a reasonable and 
conservative depiction of the hydrogeologic setting 

Outlines the screening pmsses to finalize the list of constituents of potential concern 
(a0 

Presents a description and results of vadose zone modeling 

Resents a description and results of aquifer modeling 

Compam modeling results with field data 

D.3.1.1 Technical Amroach 
Two pathways m considered in th is  analysis. First, migration from the waste unit vertically through 
the vadose mne to the aquifer is designated the vadose zone pathway. Second, migration of 
contamlMn ' ts from the surface soil to Paddys Run and from Paddys Run to the aquifer is designat& 
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the surface water pathway. This Section considers all of the steps of the vadose zone pathway. For 
the"suiface water pathway, Section D2.0 describes the definition of constituents, the conceptual model 
for the surface water pathway, the surface water modeling, the Screening of constituents, and the 
predictedco- 'om in paddys Run and the Great Miami River. This ament section, however, 
presents all of the Great Miami Aquifer modeling results including the concentrations in the aquifer 
due to mass loadings from Paddys Run. 

Figure D.3-1 shows, for the vadose zone pathway, the steps in model development and the merhod of 
deriving the source and leachate Concentrations. The extent to which conkmhnts may migrate 
through the groundwater system depends both on site characteristics and the nature of the 
contarmnants . Because of the variety of the contents in the waste areas and the heterogeneity in the 
vadose zone beneath the waste areas, a separate conceptual model is developed for each of the waste 
areas in Operable Unit 1. The development of these models involves the following steps: 

Review of the available information on the specific waste area to establish the character- 
istics of the waste area 

Identification of Bc by reviewing the production history and by analyzing site 
characterization data. 

Identification of the hydrologic processes governing the fate and transport of the 
constituents within each hydrostratigraphic unit. 

Development of a conceptual hydrogeologic model for each waste area, based on 
information about the comaminantS present in that waste area and its locationspecific 
geologic setting. 

once the conceptual models are developed, existing computer codes that a ~ o w  the creation of a proper 
mathematical representation of the conceptual models are selected. The mathematical repIlesentations 
used at the FEMP generally consider the rate at which the modeled processes occur, the interaction of 
different pmcesses with each other, and the initial conditions of both the waste area and the 
surrounding geologic formations. Some of the major steps involved in constructing mathematical 
repmemtations of the concew models used at the FEMP include: 

Quantification of the concenmions of constituents in the waste area and the physical 
parameters defining the volume and mass of each waste area. 

Use of measured data and geochemical modeling to determine the chemical speciation 
projected to result from the reactions of infiltrating water with the waste materials and 
the matrix of the glacial overburden. (Section D.l.O) 

Definition of physical parameters of the vadose zone system beneath each waste area 
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Estimation of the rate CoIIStaNs describing the cationic retardation of the modeled 
W- . These rate constants are based on partitioning coefficients selected during 
an extensive literature search. 

Estimation of the rate constants describing contaminant retardation amibutable to 
interactions with organic carbon in the geological formation. These constants are based 
upon the grain-size distributions and organic carbon content of the glacial overburden 
matrix. 

Estimation of the rate constants describing the decay ram of the modeled contaminants. 
These first-order rate constants are based upon radioactive half-lives and biodegradation 
half-lives in groundwater for radionuclides and organic chemicals, respectively. 

Calibration of the model to field data. Selected 2000 series wells in the vicinity of the 
waste pits rn evaluated to determine constituents that have reached the aquifer. Initial 
model results are compared to these data and a constant loading term is added to 
approximately reproduce these constituent values within the operating time frame. 

The Bc fmm Operable Unit 1 waste areas are deiined based upon sampling data and prescreening 
and backgroundhutdent screening activities (see Appendix E). Prior to fate and transport modeling, 
additional screening steps are undertaken to reject those that clearly would not pose a significant risk. 
By screening constituents, computational time is reduced. screening steps consider travel time through 
the vadose zone, organic and radiologic decay, and comparison with toxicity.levels. 

After existing computer codes and site-specific input parameters rn selected, the codes are used to ( I )  
calculate constituent loading rates to the aquifer beneath the selected waste area; and (2) perform flow 
and solute transport modeling to determine the effects of dispersion, retardation, and contaminant 
degradation or decay on the projected contaminant concentrations in the Great Miami Aquifer. 
Estimates of future concentrations in the aquifer are the desired result of the modeling effort. 

D.3.1.2 Ammach to Screening and Modeling 
The primary purpose of the fate and transport modeling is to provide predicted concentrations of key, 
riskcausing constituents so that overall risk may be determined by the risk assessors. Because the 
modeling is resource intensive, screening steps are undertaken to eliminate constituents that pose little 
or no risk using conservative assumptions. In addition, because modeling contains uncertainty by 
being a predictive tool based upon many assumptions, actual monitoring data is reviewed to check 
certain model results. For example, if a constituent is predicted to be attenuated in the vadose zone 
for many years, yet it is presently found in the aquifer, then the model assumptions need to be 
reviewed. 
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Figure D.3-2 shows the approach that has been followed in screening out constituents. in defining risk 
from the nonscreened constituents, and in incorporating monitoring results in the modeling process. 
This figwe represents the three screening steps that remove CPCs from further consideration (see 
derailed discussion in Section D.3.4). In addition, this figure also shows the relationship of the 
monitoring data evaluation to this process. Figure D.3-3 depicts the five cases for modeling 
repmented schematically on Figure D.3-2. 

If a constituent is detected above the detection limits (i.e, Cases 2 and 3) in the Great Miami Aquifer 
groundwater in the vicinity of the waste areas, then further steps are undertaken. First, these detected 
c o m  '011s are compared against background and a lo-' risk based criteria for carcinogens or 0.1 
Hazard Quotient criteria for noncarcinogens. If these concentrations are below these criteria, then the 
constituent is screened out since it either is caused by other factors than Operable Unit 1 or it does not 
pose any risk. Next, if a constituent is detected at concentrations that are higher than background and 
the screening criteria, then it is calculated whether it will reach the fence line within 1.OOO years. If 
the calculation shows that it will not reach the fence line, then the current maximum concentration is 
reported at the source location and no impact is assumed at the fence line. If the calculation shows 
that it will reach the fence line, then the constituent is modeled with the aquifer model (SWIFI'). 

If constituents are detected in the Great Miami Aquifer sooner than their theoretical anival time (as 
determined by the conceptual model parameters and chemical specific factors), then a direct leak 
loading term to the aquifer is created to represent the present concentration in the aquifer (Figure D.3 
3). In theory this term may repxesent leakage under conditions different than the present waste area 
configuration or leakage through leaky well casings. In effect, five possible scenarios created (see 
Figure D.3-3) that depict different combinations of direct leak source term and vadose zone 
breakthrough. 

D.3.2 HYDROGEOLOGIC SETTING 
The first step in developing the pathway analysis is to develop a conceptual understanding of the 
depositional history of the site and the general hydrogeologic characteristics of the deposits. This 
section describes the general geology and hydrogeology of the FEMP. For a detailed discussion, refer 
to the Groundwater Repon (DOE 1990). 

D.3.2.1 Geololric Settinq 
The geology of the area is dominated by the glacial and glaciofluvial deposits formed during the most 
recent continental glaciation (approximately 70,000 years before present). Prior to the advancement of 
the glaciers, a large valley was eroded into the shale bedrock. This valley, which is approximately 
200 feet below the existing land surface, was filled with well-sorted sand and gravel glacial outwash 
during the retreat of eariy glaciers. Beneath the site, this outwash is divided by a clay layer at a depth 
of 120 feet below the current surface. Later glacial advances (Shelbyville) caused the displacement of 
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the Dry Fork of the Whitewater River from its historic channel into its present channeL The 
Shelbyville ice deposited a moraine in the historic channel which formed a dam. The meltwater lake 
that formed behind the dam gave rise to the lacustrine deposits found in the area. This dam was 
breached at least two times, with the final breach draining the lake permanently. The lake basin is 
now occupied by Paddys Run. 

B 

In the! Paddys Run floodway, ~ecent deposits of silt (loess, fluvial, and 1acUSeine) form a terrace above 
the current mam elevation. paddys Run has cut through this recent terrace and the glacial drift. The 
bed of Paddys Run is located on the well-sorted outwash material which fills the buried valley, on 
preglacial Whitewater River deposits. Sice the last mat of the continental glaciers, the streams in 
the area have moved  much of the till and lacustrine mantle left by the ice sheets. In the Great 
Miami River valley, the! stream has eroded through the till and is now in direct contact with the 
glaciofluvial outwash deposits that mntain the buried valley aquifer. 

The term glacial overburden has been selected to describe the deposits located stratigraphically above 
the glaciofluvial material of the G m t  Miami Aquifer. The glacial overburden includes the following 
types of materials: 

Loess - Considered ubiquitous in the Femald area, it generally forms the uppermost 
layer of the glacial overburden. Loess is generally a homogeneous he-grained blanket 
deposit, buff to light yellow or yellowish-brown in color. The deposit originated from 
windblown dust of Pleistocene age carried from the unconsolidated glacial and 
glaciofluvial deposits uncovered by glacial recession, but prior to the invasion of a 
vegetative cover. 

0 - Lacustrine deposits from the glacial lake consisting of well-sorted, stratified 
fine sands and clays formed in the Paddys Run valley. These varved clays can be 
interbedded with well-sorted beach deposits along the margins of the former lake basin. 

Ti - Undifferentiated glacial till makes up the majority of the glacial overburden at the 
FEMP site. Because of its location at the ice margin, the till is likely to have been 
deposited by several modes including moraine deposits. ablation till, and subglacial till 
sheets arising from differing ice lobes. The primary feature of tills is that they are 
deposited directly by a glacier without fluvial sorting. The till at the site is a heteroge- 
neous mixture of clays, silts, and pebbles. 

Glaciofluvial - Interbedded with the till 
meltwater streams that occurred along the margins of the ice sheets. These deposits of 
varying extent consist of well-sorted sands and fine gavels. 

glaciofluvial beds that originated from 
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D.32.2 Vadose Zone 
The UIlSaturated or vadose zom exists above the groundwater table or phreatic surface of the aquifer. 
In this zone, the iutedces are occupied partially by water and partially by air. The partially filled 
soil water in tfie UIlSatllliited zone is known as vadose water. Overlying the Great Miami Aquifer at 
the FEMP are approXimalely 15 to 35 feet (4.6 to 11 m) of unsaturated sand and gravel outwash 
deposits. These deposits are assumed to have the same hydraulic characteristics as the underlying 
saiurated material since their dpsitional histories are the same. 

Dense, fine-grained glacial overburdm overlie the umUumkd sand and gravel outwash deposits. 
These types of deposits have intergranular hydraulic conductivities that are very low, with values in 
the range of lo-' to lo5 feet/day (lo-" to 
can cause isolation from zones of near-surface groundwater flow. 

cm/s) (Heath 1983). Extensive deposits of clayey till 

In the Great Plains region and in parts of the Midwest, deposits of clayey or silty clay and glaciolacus- 
trine clay have networks of predominantly vertical joints or fractures. This jointing pattern in the 
Wisconsin tills has also been noted in the area mundingthe FEhfP (Blockman 1988). In the- 
m. the joints which are commonly near vertical have a polygonal expression and are typically 18 to 
25 inches (0.46 to 0.63 m) across. The joints are generally oxidized approximately 2 inches on either 
side of the joint. Within the FEMP, fractures have been noted in the till during the RVFS drilling 
program and field reconnaissanCe. These fracnues can impart an enhanced bulk hydraulic conductivity 
of up to loo0 times greater than that of an unweathered till (Hendry 1988). As a result of increased 
lateral stresses caused by overburden loading, the hydraulic conductivity of fractured till and clay 
decreases with depth. 

Recent investigations in similar geologic settings indicate that till deposits can be divided from a 
hydrogeologic standpoint into a brown weathered zone and a gray unweathered zone (Barari and 
Hedges 1985; Hendry 1988; Cravens and Ruedisii 1987). These studies indicate that infiltration is 
primarily limited to the weathered till. While precipitation enters this upper zone, it does not act as a 
significant source of mhuge to deeper aquifer zones and the majority of the water lost from till 
deposits is from evapotranspiration. In addition to the losses due to evapotranspiration, some water 
may be discharged to small seeps or drainages. 

Although the degree of fracturing within the brown tills at the FEMP has not been documented, 
sufficient observations have been made at the site and in the literature to indicate their presence is a 
characteristic physical property of these tills. Since fracaJres have been noted as a dominant feature in 
most brown tills, it is necessary to consider the effect that these fractures have on water and contami- 
nant transport within the tills. As stated earlier, fractures have been reported to enhance the bulk 
hydraulic conductivity of till as much as lo00 times with an expected increase of one to three times. 
It is reasonable to expect that contaminants wil l  be transported by seepage more quickly through 
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fractuFed till than uhctwed till. At the FEMP, the gray till, with its p i a b l e  silt and clay 
content, was reg- as providing the Great Miami  quif fer with protection itom activities at the site 
(Dove and Noms 1951). This line of reasoning has justification because the low hydraulic 
conductivity produces very low velocities even if the hydraulic gradients are large. In addition, most 
contaminants being transported by seepage through the till matrix undergo attenuation and retardation 

B 

If the till is fractuFed, these generalizations axe not applicable because the velocities of water in the 
fracblres are datively large compared to the intergranular pore velocities in the unfractured matrix. It 
should be kep in mind that although the velocities axe relatively large, the contaminant flux may be 
relatively small because the flow rate through the fractures is small. 

Fractures not only conaol velocity but they generally impart a lower capability for attenuation and 
retardation by adsorption of contaminants . The adsorption processes are capable of removing more 
co- ' mass from solution if the water is in contact with larger surface axeas in the matrix. 
contaminants transported by seepage through till fracnues only have an opportunity to m c t  with the 
mineral constituents present in a veneer layer on the exterior of the fractm. Therefore, when flow 
occurs in the fractures, there is less surface area available for geochemical reactions that reduce the 
concentration of a contaminant or slow the movement of that contaminant. The exact nature of 
attenuation in fractured till is highly site specific and not well quantified. For example, if till fracaues 
are coated with iron oxides, they may impart significant retardation on ionic solutions (Grisak et al. 
1976). 1 
Within the till deposits, there are numerous water-bearing zones that have limited interconnection. The 
majority of these m m  are of glaciofluvial origin and consist of small beds of highly-sorted sands and 
gavels. These beds axe probably the result of small meltwater streams that occurred along the ice 
margin and within the glacier itself. These intertill perched zone have the following general character- 
istics: 

High variability in areal extent, thickness, and volume 

Based upon hydrograph analysis, the interconnection between the intertill significantly 
saturated zones is limited 

Hydraulic conductivities are highly variable with an expected range of 2.8 x lo-' to 280 
fedday (10" to 0.1 a d s )  (Freeze and Chemy 1979) 

Porosities range from 22.1 to 36.7. with a mean of 31 percent (Moms and Johnson 
1967) 

Generally these glaciofluvial interbeds are considered to be water-bearing units within the glacial 
overburden However, movement of water and contaminants within these units will. be limited due to 
limited areal and vertical extent and lack of interconnection of these units. The perched groundwater 
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zones (saturated lenses of higher permeability sands) present beneath Operable Unit 1 waste areas are 
not modeled separately, but the thickness and the hydraulic properties of the sand lenses are included 
in the vadose zone modeling. At the FEMP, a series of slug tests on these perched groundwater zones 
found hydraulic conductivities ranging from 0.0071 feetlday (2.5 x lo-' a d s )  (Well 1025) to 
8.8 feevday (3.1 x lU3 cm/s) (Well 1196). 

B.3.2.3 Great Miami Aauifer 
The hydrogeology of the FEMP and the surrounding area is a textbook example of a glaciofluvial 
buried valley aquifer (Walton 1970; Fetter 1989; Freeze and Cherry 1979). The primary aquifer in the 
region is the Great Miami Aquifer, a well-sorted sand and gravel water table system consisting of sand 
and gravel glacial outwash deposits. Groundwater in the aquifer enters the FEMP area via buried 
channels on the west, north, and east. Under natural conditions, the primary flow would be across the 
site to the south. However, large pumping wells east of the FEMP in the Big Bend a m  of the Great 
Miami River have created a pronounced cone of depression causing flow at the FEMP to have 
easterly, southeasterly, and southedy components. 

The aquifer is divided by a clay aquitard 1 to 20 feet (0.3 to 6 m) thick at a depth of approximately 
120 feet (37 m). Flow direction and magnitude of the Great Miami Aquifer were simulated using 
SWIFT III, a numerical groundwater flow and solute transport model. Subsequent text describes the 
modeling effort in more detail. 

D.324 General Contaminant Hvdrogeolom At The FEMP 
The depositional characteristics and the hydrostratigraphic units present at the FEMP impG general 
co- * transport characteristics on solutes migrating from the individual waste areas to receptor 
locations. These characteristics include: 

Solute migration potential: Solutes have a high migration potential through the upper 
weathered tills due to the fractured nature of the layer. Solute migration can also occur 
through the unweathered till, however, at a much slower rate. Once the solute reaches 
the glacial outwash, the solute migration potential is high, based on the high hydraulic 
conductivity and low adsoption capacity of the matrix. 

Hydraulic intemmmunication: The intercommunication between perched water-bearing 
zones is limited in the glacial environment. Communication between the upper 
water-bearing zones within the till and the Great Miami Aquifer is also limited but may 
occur over an extended period of time. 

AdsorptioIJattenuation characteristics: The layers found within the glacial overburden 
generally have sufficient organic carbon content to cause retardation of organic constitu- 
ents. The clay mineralogy would result in significant cation retardation for inorganic 
constituents. Given the till matrix, it is also unlikely that all of the available sites for 
adsorption would be used by solutes. Therefore, it is unlikely that 
adsorption/attenuation breakthrough would occur. Adsoption/attenuation will occur at 
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lower rates m the regional aquifer due to the lower organic carbon and clay umtent in 1 

theoutwash. 2 

Based on the general hydmgeologic agd contamham transport characteristics, there is a potential 
pathway from the waste areas through the vadose zone to the regional aquifer. Given the high 
permeability of the glacial outwash, the pathway would extend from the aquifer-vadose interface to 
downgradient ~ecepton. 

D.3.3 CONCEPI'U AL MODEL 
The Operable Unit 1 waste a~eas exhibit considerable diversity in their contents and in the physical 
and chemical characteristics of the vadose zone beneath them. Because of this diversity, the modeling 
of the contaminant migration through the vadose zone is considered imperative for the estimation of 
C.0- * loading rates to the regional aquifer model. To model the transport of these contami- 
nants, it is necessary to adapt the generic conceptual model presented in the Risk Assessment Work 
Plan Addendum (DOE 1992) to a series of specific conceptual models for each distinct waste area. 
These conceptual models consider the following: 

Thecontentsofthewastearea 
nK presence of standing water in the waste a~ea 
The presence or absence of a discrete cap 
The presencehbsence of perched water in the waste area 
The average concentration of contaminants in perched groundwater 
The identifiable geologic strata beneath the waste area 
The presence/absence of sand lenses in the waste area 
The thickness of each layer in the vadose zone 
The vertical permeability of the layers 
The interstitial fluid velocity through each layer based on saturation 
The dispersion coefficients of each layer 
The partition coefficients for each contaminant in each layer 

Figure D.34 shows a generalized picture of contaminant migration at the FEh4P. Two primary 
pathways are shown. The first pathway includes migration from the waste unit vertically through the 
vadose zone to the Great Miami Aquifer. The second pathway consists of loading due to surface 
nmoff from contaminated surface soils from the Operable Unit 1 waste areas to Paddys Run and from 
Paddys Run to the Great Miami Aquifer (see Section D.2.0). For risk assessment purposes, maximum 
coIlcentfatioIls are considered in the Great Miami Aquifer at the waste unit boundary and at the fence 
line or property boundary. 

Flow and contaminant transport in the vadose zone is conceptualized from the hydrogeology of the 
site. As discussed previously, the geology of the FEMP site is dominated by glacial sediments. Well- 
sorted sand and gravel glacial outwash forms the regional Great Miami Aquifer. Beneath the site, this 
aquifer is divided by a 1- to 2Gfoot-thick (0.3- to 6-m-thick) clay intehed at an approximate depth of D 
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120 feet (37 m). The receptor pathway considered for this analysis is the upper part of the Great 
Miami Aquifer above the clay interbed. Contaminant transport in the vadose zone includes the bulk 
migration of water and dissolved materials from waste (source) a m s  at the FEMP to the Great Miami 
Aquifer. 'Ihis occurs as surface water infiltrates from the surface and percolates through the soucce of 
co- ' 'on, and its surrounding soil, into the saturated zone. Downward movement of water, 
driven by the forces resulting from gravitational potential, capillary pressure. and other components of 
total fluid potenbid, mobilize &e contamhmts and carry ?hem thmugh the vadose zone, Vertical 
transport down tlmugh the vadose zone to the aquifer and the horizontal transport through the aquifer 
to the well of a potential human receptor is illustrated in Figure D.34. 

Figure D.3-5 presents a generalized conceptual model of the vadose zone pathway. Once through the 
waste units, water filters through the vadose zone and dissolves materials, forming an aqueous solution 
(leachate) (see Section D.l.O for a detailed discussion of the derivation of leachate concentrations). 
This solution continues to percolate through the soilhaste matrix in the vadose zone as it moves 
toward the aquifer. The leachate often reacts with the soil/waste matrix through which it flows. These 
interactions determine what chemical species are present in the percolating water (leachate), and how 
fast they will move in the unsa- zone. In this analysis the composition of the leachate and the 
speed a& which individual constituents migrate are treated individually. 

- 

The uppernost 20 to 25 feet (6 to 8 m) of the outwash deposits is umaturated and forms model Layer 
2 of the vadose zone conceptual flow model. Overlying the outwash deposits is an unweathered till 
interbedded with sand and gravel glaciofluvial stringers. Within Layer 1 are sand lenses beneath some 
portion of Waste Pits 4.5.6. and the Bum Pit. The thiclmess of this till unit (referred to & glacial 
overburden) which makes up model Layer 1 ranges between 0 and 16 feet (0 and 5 m) for waste 
areas. A layer of weathered till overlies the gray clay. However, this layer is not included in the 
vadose zone modeling because of nunemus fractures present within this zone. All layer thicknesses 
were estimated based on geologic boring logs from subsurface investigations conducted across the site. 

Based on characteristics of the material underlying each Operable Unit 1 waste area, a detailed 
conceptml model is developed for the pathways between each waste a m  and receptor locations. 
These more detailed models are developed to account for the variable stratigraphies of the soils of the 
waste areas of Operable Unit 1. These detailed conceptual models are shown on Figures D.3-6 
through D.3-12. 

These detailed conceptual models show that perched groundwater occurs in the sand lenses within the 
glacial overburden beneath Waste Pits 4.5.6, and the Bum Pit. For the pulposes of modeling, the 
sand lens is assumed to be a uniform 5 feet thick below the e n t i ~  area of each of these four waste 
m. These perched groundwater zones are modeled to represent an additional source of 
COntamlMn t loading based on the concentration of constituents detected in lo00 series wells located 
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within Operable Unit 1 from the RI/FS data base. For a particular constituent, an average 
collcemah 'on for each well is calculated over time. The average concentraton value is compared to 
the concentration reported for the last sampling event, and the higher of the two concentration values 
is averaged for all wells. The resulting single wncentration value is used for the modeling. Initial 
constituent concentrations, concentration terms over time and sorbed mass are defined on these 
averaged liquid c o m  'om and the established distribution coefficient 6) for each constituent. 
The volume of groundwater present in the sand lenses is calculated based upon a volume of the sand 
lens and an average porosity of 39 percent. The migration pathway for contaminated perched 
groundwater is generally consistent with the overall conceptual model, with the exception that the 
glacial ovedmden thickness is halved for the perched groundwater pathway to account for the 
approximate location of the perched groundwater zones within the glacial overburden. 

Based upon uranium, technetium-99 and arsenic results, loading from perched water represents an 
insignificant contribution (less than 2-3 orders of magnitude) when compared to the contribution from 
the waste pits. Since other constituents are minor Contributors to total risk (see Section D.3.7), 
perched water concentrations from other C P C s  has even less overall impact. Therefore, for the 
remaining constituents, perched groundwater was not included in the loading to the aquifer. 

Table D.3-1 pmsents the waste area physical parameters including the area, volume of waste material, 
and dry density. These data were derived from engineering studies (Weston 1986, Parsons 1993, IT 
1993). These parameter values are used for calculating masses of constituents and anxs for the source 
terms. The waste areas contained in Operable Unit 1 are assumed to remain in their existing locations 
for the purposes of the baseline fate and transp~rt modeling. Waste Pits 1.2.3.  and 4 remain in their 
c o v e d  states and pits 5 and 6, the Bum Pit, and the Clearwell are assumed to remain in their present 
states. Waste Pits 1 through 4 are assumed to remain essentially unchanged for the duration of the 
simulations, with a vegetative cover being established on the surface. Existing membrane liners in all 
waste areas are considered to be absent for purposes of the fate and transport modeling. Runoff and 
evapotranspiration are assumed to OCCUT following precipitation events. Waste Pits 5 and 6, the Bum 
Pit, and the Clearwell are all assumed to remain uncovered and open to incoming precipitation. In 
addition, precipitation is assumed to pond on the surface of Waste Pits 5 . 6  and the Clearwell units 
and either infilm or evaporate. No surface runoff or transpiration is allowed to occur. 

D.3.3.1 Parameters 
The parameters used to perform the long-term migration analysis can be divided into flow parameters 
and contaminant transport parameters. Flow parameters affect the velocity of groundwater movement. 
contarmnan ' t transport parameters affect the rate of migration and the fate of the contaminant. 
Wherever possible, site-Specific values are used for the analyses. Certain parameters, however, are not 
available for all of the waste areas, and are estimated based on pertinent scientific literature search, 
geochemical investigations, and are checked for consistency between model results and historical data. 
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Conservative estimates are used when a range of values are indicated or parameter values are not 
available. The formulations employed for the estimation of the parameters are described in the Risk 
Assessment Work Plan Addendum (DOE 1992). Uncertainty in the selection of model parameter 
values is addxmsed by perfoming sensitivity analyses. Sensitivity analyses are performed by varying 
parameters within reasonable ranges. Additional infomation regarding the sensitivity analysis is 
presented in Section D.3.8. 

The comptual model depicting flow in the vadose zone considers two layers. Layer 1 soils consist of 
unweathered tills, present beneatfi six of the eight waste units in Operable Unit 1. Beneath the 
unweathered till is the unsaturated sand and gravel layer (Layer 2) present beneath all the waste units. 

The conceptual model and media parameters for Operable Unit 1 waste areas are presented in Tables 
D.3-2 and D.3-3, respectively. The vertical hydraulic conductivity values for Layer 1 are obtained by 
dividing the horizontal hydraulic conductivities (representing the average results of slug tests 

conducted in lOo(rseries wells in the vicinity of Operable Umt 1) by 10. Sand lenses are also 
consided in this analysis using a separate hydraulic conductivity value derived from slug test data 
and calculating the harmonic mean for the overall Layer 1 hydraulic conductivity. The vertical 
hydraulic conductivity for Layer 2 is obtained by dividing the known horizontal hydraulic conductivity 
of the sand and gravel aquifer by 10. The factor of 10 represents a typical horiu>ntal*to vertical 
hydraulic conductivity ratio. The vertical hydraulic conductivity is estimated from 0.0114 to 0.0186 
feet per day for Layer 1. The vertical hydraulic-conductivity of Layer 2 is 45 feet per day for all of 
the Operable Unit 1 waste m. As expected, the conductivity of the sand and gravel layer is several 
orders of magnitude greater than the till layer. Two of the waste units. Waste Pit 3 and the Clearwell, 
are assumed to rest directly on the unsaturated sand and gravel of the Great Miami Aquifer and thus 
have no Layer 1 unit 

The vertical flow rates (q) are based on simulations with the Hydrologic Evaluation of Landfill 
Performance (HELP) model for the dry pits or with a calculation for the wet pits (see discussion 
below). The estimates of the vertical seepage velocities (Vx) used in the vadose zone transport model 
are based on the methods presented in the Risk Assessment Work Plan Addendum (DOE 1992). 
These methods calculate seepage velocity as a function of flow rate (q), porosity. and empirically 
derived soil factors. The longitudinal dispersion coefficients (DX), a function of dispersivity, 
interstitial seepage, velocity and molecular diffusion coefficient are estimated by the methods presented 
by Biggar and Nielsen (1976), and Mills et al. (1982). 
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Flow and solute tranSpOrt through the porous media are not only determined by the parameters 
considered in the conceptual model description above, they are also affected by retardation factors &) 

and decay rates. These parameters are both chemical- and media-specific. Tables D.34 through D.3- 
6 show the retardation factors for the vadose mne Layers 1 and 2 for all the CPC for Operable Unit 1 
waste areas. These tables also present the radioactive decay constants for radionuclides and the 
biodegradarion coefficients for the organic Constituents. These retardation factors and decay rates are 
used in the scmning process, analytical modeling of the vadose mne. and numeric modeling of the 
aquifer. 

The retatdation factor is used to 8ccount for those reversible reactions that slow the arrival of a 
co- t front, but do not act as asink. The &can be expressed as the ratio between the rate of 
groundwater movement and the rate of contaminant movement. The & as a function of the 
partitioning coefficient of the constituent, the bulk density and moisture content in the vadose zone. 
was calculated using the formula described by Walton (1984) and Mills et al. (1982). These Rfs have 
been revised from the Risk Assessment Work Plan Addendum (DOE 1992) based on more 
conservative assumptions (for transport) of organic content and moisture content (see Table D.3-3). In 
the vicinity of Operable Unit 1, a distribution coefficient of 12 W g  for Layer 1 and 1.48 for Layer 2 
was based on previous studies and experimental data available (DOE 1993a) which indicates these 
values are conservatively low. The radioactive decay constants and biodegradation coefficients are 
estimated based on the degradation rates (Howard et al. 1991) using the formulation presented in the 
Risk Assessment Work plan Addendum (DOE 1992). 

D.3.4 CONSTITUENT SCREENING AND REVIEW - VADOSE ZONE PATHWAY 
The list of Bcs is saeened in several ways to eliminate constituents that pose insignificant risk from 
further analysis. In addition, groundwater monitoring data is reviewed to determine constituents that 
are found in the aquifer so that these constituents can be evaluated in the computation of total risk. 
These screening steps are performed because vadose mne and aquifer modeling require long 
computational times and to allow the analysis to focus on the constituents that cause the high 
percentage of the risk. Figure D.3-13 shows the different screening steps. These steps include pre- 
screening and background screening (performed and presented in other sections of the RI), initial 
source concentration, travel time to the Great Miami Aquifer, and vadose zone output concentration 
screening @menred in this section), and the review of groundwater monitoring data. Table D.3-7 
shows the list of CPCs, the results of different screening steps, and the list of Bcs for fate and 
transport modeling in the vadose mne pathway. 

Each waste pit is treated separately in these screening analyses. The worst case is used to define 
action, i.e., if any waste pit fails i bakc~lar  screening, then that constituent is maintained in 
subsequent analysis. These screening steps are described in sequence in the following sections. 

D-3-13 

1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

a0 

21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 

33 

34 

35 



FEMp-OlRI-4 DRAFI' 
October 12,1993 

D.3.4.1 &-Screening 
Pre-screening is performed on the validated sampling and analysis data sets. Each constituent on the 
data set is evaluated based on the criteria defined in the Risk Assessment Walk Plan Addendum @OE 
1992). At this stage in the pmcess, two types of decisions are made: 

Nutrients at or below drinking water standards are screened out 
Constituents that are not detected in waste pit materials are scmned out 

D.3.4.2 Backmund Screening 

A second preliminary screening step is conducted to remove constituents that are below background 
C o m  '011s. Each constituent that passes prescreening is compared to background concentrations 
following the process defined in Appendix E.2. Constiturn with concentrations determined to be 
below background concentrations are screened out. The results of this background screening are 
presented in Appendix E. 

The constituents that "pass" the prescreening and background screening are designated "potential 
CPCs" (see Table D.3-7). A total of 71 potential CFCs were defined for Operable Unit 1 fate and 
transport modeling. Tkse potential B c s  include 13 mdionuclides, 21 inorganic constituents, and 37 
organic constituents (see Table D.3-7). 

D.3.4.3 Travel T i e  Screening 
Constituents are SCFeened based upon travel time to determine those that would not reach the Great 
Miami Aquifer within the time period of interest (1,OOO years) in significant concentrations under 
conservative conditions. Travel time screening considers both physical time of travel through the 
vadose mne and radiological and organic decay over this time period. 

Travel rime scnxning is performed on potential CPCs based on distance, retardation factor, velocity, 
and dispersion. Any constituent that fails to reach the Great Miami Aquifer in 1,oOO years is screened 
out. A second screening process involves comparing the organic or radiological decay constants for 
constituents to the minimum calculated travel time. If a constituent has gone through 30 half lives 
during this ?ravel time, then it is screened out due to the negligible mass remaining. 

Variables that are used in the screening step m: 

Retardation Factor &) in the Vadose Zone 
Soil Seepage Velocity (V) 
Soil Thickness (L) between Waste Pit and Aquifer 
Axial Dispersion Coefficient @3 
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The mean travel time for a nondecaying CFC (Q is the sum of the travel time through Vadose Zone 
layer 1 and layer 2: 

Where 

= Travel time (day) 
= Constituent retardation factor for vadose zone layer 1 (unitless) 
= Thickness of vadose zone layer 1 (feet) 
= Groundwater velocity in vadose zone layer 1 (feevday) 
= Constituent madation factor for vadose zone layer 2 (unitless) 
= Thickness of vadose zone layer 2 (feet) 
= Groundwater velocity in vadose zone layer 2 (feevday) 

Ll 
Vl 
R, 

V2 

and if tnJ30 is less than the half life (Tld then the constituent is further modeled. In other words, th_ 
minimum travel time divided by 30 is less than the half life of the constituent which indicates it 
reaches the aquifer in significant mass to be considered for further modeling. 

A characteristic dispersion parameter is 4/vL which will be Ileferred to as N,. Depending on Nd, a 
fraction, M @ m e r  1%2), can be multiplied by fm to give a time before which exiting concentrations 
will be negligible. consequently, if Mt, is set at 1,OOO years, exiting Concentrations prior to 1,OOO 
years will be negligible. Thus, a minimum screening Iletardation factor, kin = loo0 x V/ML can be 
defined, above which the mean travel time will be in exass of lOOO/M years and exiting 
concentrations up to 1,OOO years wil l  be negligible. This analysis is conservative in that one- 
dimensional flow is assumed and the minimum retardation factor that occurs in any vadose layer is 
used. Table D.3-8 shows the input assumptions for the Operable Unit 1 waste areas. 

Table D.3-7 shows the ~ ~ u l t s  of the travel time screening. This table breaks the travel time screening 
into two categories of screening due to advective transport and screening due to radiological or organic 
decay. The travel time screening removes the majority of the potential Bcs. The advective transport 
srreening step removes 42 of the 71 Bcs. In addition. 8 organic constituents are removed due to 
decay. 

D.3.4.4 Initial Concentration Toxicitv Screening 
Toxicity Screening is performed on the potential CPCs that passed the travel time screening by 
comparing the initial concentrations for the vadose zone model (Leachate B - see Appendix D.l) with 
io-' risk based concentrations for carcinogens or 0.1 H ~ ~ Z U T ~  Quotient concentrations for non- 
carcinogens. These screening concentrations are derived by dividing the 10" risk based or Hazard 
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I 1  
2 y  

Quotient of 1 co- '011s for tap water (US EPA 1993) by 10. Since Leachate B cannot increase 
inconcentratl 'on in transport through the vadose zone or aquifer, then Leachate B represents a 
theoretical maximum co- 'on in the aquifer. If the initial co- 'om for all waste areas is 
less than the srreening concentration, then the constituent is not modeled further. If any waste area 
includes a value grater than the smming wncatnh 'on, then the constituent is sti l l  modeled for al l  

3 

4 

5 

6 the waste areas since modeled co- 'om from the diffemt waste areas could be additive. 

Table D.3-9 presents the results of the initial concmtrab 'on toxicity screening. Of the constituents that 
passed the travel time screening, all passed the initial toxicity screening. 

7 

8 

D.3.4.5 Vadose Zone Model toxic it^ Screening 
Prior to performing aquifer modeling, the output from the vadose zone model is again toxicity 
s c d  in a manner similar to the initial concentration toxicity screening (see Section D.3.4.4). Since 
comentmh '011s can only further dilute when leachate mixes with the aquifer waters. this screening step 
removes constituents that will clearly be below the risk based or 0.1 Hazard Quotient standard in 
the aquifer. To perform this screening, the maximum output from the vadose zone model for a 
panicular constituent is compared with the 
maximum value is below the standard, then the constituent is screened out and is m t  modeled further. 

risk based or 0.1 Hazard Quotient standard. If this 
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Table D.3-7 shows the d t s  of the second toxicity Screening under the column heading of "Scl.een 

out ODAST Output." Antimony, barium, cadmium, copper, lead, manganese, mercury, and 4- 
nitroaniline are scnxned out because no appreciable concentratjon of these constituents reached the 

17 

18 

19 

aquifer within 1,ooO years. m 

D.3.4.6 Review of Monitoring Data 
Water samples have been talcen from the Great Miami Aquifer and analyzed periodically. The results 
for the 2000 series wells indicate the degree of contamination from the FEMP operation in the upper 
Great Miami Aquifer or the first SWIFT layer to date. Four specific wells (2019,2021.2027, and 
2648) in close proximity to Operable Unit 1 were chosen to represent the degree of existing 
COntamlMh ' 'on from Operable Unit 1. Table D.3-10 lists all analysis targets that were found above 
detection limits in the FERMCO environmental monitoring data base. Many of these targets are not of 
concern from a toxicity standpoint (e.g., alkalinity, aluminum, potassium, sodium. pH, etc.) and were 
not included in the list of potential Bcs. It should be noted that organic compounds were not 
detected in these wells and therefore, are not included in the list of potential CPCs on Table D.3-10. 
For the remaining potential C p c s  that are detected. these constituents are added to the list of CPCs 

(Table D.3-7). 
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Table D.3-11 illustrates backpund Screening and calculafions of travel-time to reach the nearest 
property boundary (fenceline) for those potemid CPCs which were detected in these wells (refer to 
Figure D.3-2 for the logic of the overall scfeening p d w ) .  The maximum concentrations of the 
potential CPCs found in these wells were cornpami with background concentrations. For those 
potential B c s  whose ConCentratons did not exceed background, no further action is required. For 
those exceeding background, travel time calculations to reach the fenceline were perfomed. The 
travel time calculation were performed using Darcy's Law with an average hydraulic gradient from 
Operable Unit 1 to the fenceline of 0.000769, an average K,, of 450 Nday, and an average effective 
porosity of 0.25. Based on a travel distance of 3,250 feet from the Operable Unit 1 boundary to the 
east fenceline, a water travel time of 6.43 years was calculated. Thus, the critical retardation factor 
(Rcrit) defining whether the fen- is reached in 1,ooO years for a particular potential CPC is 155. 
If the potential CPC retardation factor is less than 155, then the constituent reaches the fenceline 
within 1,Ooo years. 

For those C p c s  indicated in Table D.3-11 (barium, Sr-90, Tc-99, and the uranium isotopes) which 
reach the fence line in less than lo00 years, the groundwater model will be calibrated so that early 
concentrations (0-40 years) will reasonably approximate the mncenmtions found in the aquifer. 

Because there is a significant presence of uranium in the G m t  Miami Aquifer within 40 years after 
operations began at Femald, calibration of the SWIlT model by duction of the retarciation factor 
would quire an unrealistically low sorption ratio based on experimental evidence at FEMP and other 
sites. consequently, it is hypothesized that direct leaks to the Great Miami Aquifer occufied, perbps 
through deteriorating polyvinyl chloride casings in well-bores or under conditions different than the 
present system. Consequently, it was decided to use a "d i~c t  leak" block as another parameter to 
assist in the calibration. The leak is deemed to have started at year 10 and persisted for 30 years to 
year 40. This overall calibration scheme is illustrated in Figure D.3-3. In effect, five possible 
scenarios are created (see figure D.3-3) that depict different combinations of the direct leak source 
term and vadose zone breakthrough. Potential Bcs are categorized into one of these five cases as 
presented in Table D.3-12. 

Case 1 illustrates the case of a potential CPC which has a direct leak u, the Great Miami Aquifer and 
also has a significant loading to the Great Miami Aquifer through the vadose zone (calculated by One- 
Dimensional Analytical Solute Transport [ODASTI) prior to 1.ooO years but separated in time fnnn 
the direct leak. Case 1 behavior is typical of uranium. Case 2 is similar to Case 1 except that the 
future releases to the aquifer are insignificant (Le., concentrations are less than the lo-' cancer risk or 
0.1 Hazard Quotient criterion). Case 2 behavior is typical of barium. Case 3 illustrates the case of a 
Bc which has some current contamination but whose retardation factor is so high that any loading 
through the vadose zone would not occur until after 1,ooO years. Case 3 behavior is typical of 
thorium-230. Technetium-99 behavior is unusual and is illustrated by Case 4. Technetium-* is very 
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ty is expected to have already migrated through the vadose zone. However, to mobile %z 
apjm&i& tk amcentratio~ls f d ,  it is also necessary to have an additive direct leak block. 
Finally, Case 5 illusrrates the case of the many SCIleedKd out CPCs that are determined by the 
procedure given in Figure D.3-2 to not pose any risk. SWIFT modeling is required only for C p c s  that 
fall into Case 1 or -4. or Cases 2 and 3 wkn a contaminam already in the Great Miami Aquifer 
canreachthefenceline. 

D.3.4.7 Summarv of B c s  
Table D.3-12 presents the summary of the modeling status of the different Bcs. This table shows the 
constituents that have passed the SCreedLing (Table D.3-7) and that have been found in groundwater 
uable D.3-10). For constituents that have been found in groundwater, it was determined based upon 
groundwater travel time and constituents retardation factors whether a particular constituent would 
reach the fenceline (Table D.3-11). The maximum constituent concentration is reported for these 
constituents which will be used in the risk assessment for calculating risk. From these considerations, 
the list of constituents requiring aquifer (SWIFI') modeling and calibration during modeling is 
determined 

D.35 PERCHED GROUNDWATER CONCENTRATIONS 
Theoretical perched groundwater concentrations are needed for the hture exposure scenario to perched 
groundwater. Thesem- 'om are reported on Table D.3-13 for Waste Pits 4.5, 6 and the Bum 
Pit which, as discussed in Section D.3.3, have perched groundwater Occurring in sand lenses-beneath 
them. These values are the initial concentrations~(Leachate B or Organic Leachate) for the entire list 
of Bcs determined in Section D.l.O from the geochemical analysis. The list of C P C s  represent a 
union of any constituent detected in any Operable Unit 1 waste area. These initial concentrations are 
used because they represent a conservative depiction of perched groundwater Concenvatjons. 

D.3.6 VADOSE ZONE MODELING 
Vadose zone modeling is performed to &ate contaminant loading rates to the Great Miami Aquifer 
from a given source as a function of time. The overburden may have great capacity for 
immobilization and retardation of coMaminan ts due to adsorption. precipitation, biodegradation, and 
radioactive decay. This capacity to prevent or slow the movement of contaminants to the aquifer is 
evaluated with respect to future risk. 

The following criteria were used in selecting specific analytical models: 

Capability of treating adsorption. radioactive and organic decay, and longitudinal disper- 
sion 

. *  
capability of calcmting concen&bns over long time periods 

Availability of code . I . l  . 
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The primary model selected is the ODAST model. To estimate time for source depletion and to 
calculate seepage velocity (requid ODAST inplt parameters), leachate infiltration rates are calculated 
outside of ODAST. Either the HELP model (for covered pits) or an analytical solution (for pits with 
standing water) are utilized for calculating seepage velocities. These models are discussed below. 

D.3.6.1 Models for SeeDage VelociN 
DescriDtion of HELP Model 
To accomplish the simulation of the hydraulic system in operable Unit 1, the HELP model is used to 
determine the infiltration rates through the waste units. The HELP model (US EPA 1984) is a quasi- 
two-dimensional hydrologic model of water movement across, into, through, and out of a waste unit. 
The model accepts climatologic, soil, and design data and simulates a number of hydraulic processes 
including surface storage, nmoff, infiltration, percolation, evapotranspiration, soil moisture storage, and 
lateral drainage. The systems that can be modeled by HELP include various combmations of 
vegetation, cover soils, waste cells, special drainage layers, and relatively impermeable banier soils. 

The HELP model is designed to perform water budget calculations for a system having as many as 
nine layers by modeling each of the hydrologic processes that occur. Each layer must be identified as 
either a vertical percolation, lateral drainage, waste, or barrier soil layer. The identification of each 
layer used in the model is critical because the program models water flow through the various types of 
layers in different ways. Runoff is computed using the Soil Conservation Service runoff curve number 
method by considering daily precipitation totals. Percolation and vertical water routing are modeled 
using Darcy's Law for saturated flow with modifications for unsaturated conditions. 
Evapotranspiration is estimated by a modified Penman method adjusted for limiting soil moisture 
Conditions. 

D 

The HELP model output consists of input data echo, simulation results, and a summary. The input 
data ecb includes all the infomation used for input including the values chosen from the model's 
built-in data base and any manually input data Following the input data echo. the program produces a 
table of the daily results, monthly totals, and annual totals for each year if the options for detailed 
output are used. Following these outputs, the summary output is given. The summary includes 
average monthly totals, average annual totals, and peak daily values for the simulation variables. The 
average monthly totals reports precipitation. runoff, evapotranspiration, percolation through the base of 
each layer, and lateral drainage through each layer for a particular month for all the years of a 
simulation. The average annual total reports the values on k annual basis. The summary of peak 
daily values represents the maximum values that occurred on any day during the simulation period. B 
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DescriDtion of Ppnded Calculations 
The HELP model could not perform calculations in cases where there was standing water. Since 
standing water is present at Waste Pits 5 6 ,  and the Clearwell, an alternate method was required for 
these ponded water cases. 

A simple application of Darcy’s Law in one dimension was used for these waste mas. This equation 
is: 

WheR 

q =flowrate(ft/d) 
= effective hydraulic conductivity (ft/d) 

H =totdhead=L+Hp(ft) 
L = length of saturated material (a) 

= depth of pond liquid (ft) 

For this analysis, it was assumed that conditions beneath a waste pit with standing water would be 
saturated until the bottom of the first mmictive (low hydraulic conductivity) layer and would be 
msaturated benea?h this restrictive layer. For the Operable Unit 1 waste areas, this occurs at the 
bottom of the clay liner beneath the waste pits. The gradient was calculated as the difference in head 
between the water surface and the bottom of this layer divided by the length of saturated material. 
The effective hydraulic conductivity was calculated as the harmonic mean of the hydraulic 
conductivity of the waste and liner layers. 

Infiltration Rate Results 
HELP modeling for Operable Unit 1 included separate runs for Waste Pits 1 through 4 and the Bum 
Pit. In each simulation, the climatologic data of precipitation and mean monthly temperature were 
synthelically generated for Covington, KY. Average rainfall in the period was 40.64 inches/year. 

The soil physical parameters and the design data used in the simulations were varied for each waste 
unit to reflect the varying conditions of each unit. These values were defined based upon the Waste 
Pit Contents Study (Parsons 1993). In general, layers were defined for an earth a v e r  (if present), 
waste pit material, clay liner (if present), glacial till. and upper Great Miami Aquifer sands. 
Membrane liners were ignored for these simulations. Permeabilities were defined based upon 
engineering calculations (Parsons 1993). When permeabfities were not available, assumed values 
were utilized. 
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HELP was m to "steady state," that is, until successive simulations showed m appreciable change in 
soil moisture content in any of the layers. HELP results presented as infiltration rates (9) 
on Table D.3-2. Results varied from 2.8 inchedyear for the Bum Pit to 10.7 inches/year for Waste Pit 
4. 

shown 

For the pond& water cases of Waste Pit 5,6,  and the cleanvell, results of the Darcy calculation are 
shown on Table D.3-2. These values ranged from 10.1 inches/year (Clearwell) to 23.5 inchedyear 
(Waste Pit 6). Higher values for the ponded cases are consistent with the fact that the head produced 
by the surface water would increase the infiltration rate. 

D.3.6.2 Model for Solute Trans~o rt tODAS'Q 
ODAST DescriDtion 
The model selected to evaluate flow in the vadose zone is ODAST (Javendel et al. 1984). ODAST, a 
onedimensional analytical solution, is used for determining fate and transport of the constituents not 
previously screened out in the unsaturated zone. This computer code is based on the solution 
originally developed by Ogata and Banks (1961) and calculates the normalized conwntrations of a 
given constituent in a uniform flow field from a source having a constant or varying concentration in 
the initial layer. ODAST evaluates the basic onedimensional analytical solute transport equation as a 
function of seepage velocity, dispersion coefficient, source decay, retardation factor, depletion time, 
and source rate. ODAST has been extensively verified against STRIPlB (Batu 1989). 

The ODAST model implements an analytical solution to the partial differential equation 

W k E  
C = solute wncentration (mass/volume) 

and with the constant coefficients 
D = dispersion coefficient Oenm2/time) 
V = seepage velocity OengtMime) 
R = retardation factor (dimensionless) 
x = solute decay factor (time-') 

The solution must satisfy *the initial and boundary conditions 
c (x.0) = 0 .,> t I . 

; I  $ ; .-. 4. 

where the constants a 0129 
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C, = initial source amcentration (mass/vol) 
a = source depletion factor (time-') 
z0 = source depletion time (time) 

The solution is obtained using a Laplace transform technique and involves products of exponential and 
complementary emr  functions (Javandel et al. 1984). The solution for C is divided by C, to yield 

4 

5 

normalized concentrations. 6 

Because the coefficients in the governing equation am constant and the solution must satisfy a zero 

dimensional transport in homogeneous, semi-infinite media. However, the present application of 
ODAST is intended only to provide conservative estimates of aquifer m a s  loading histories. 

7 

8 

9 

10 

co- 'on gradient condition as x approaches infinity, ODAST is only strictly applicable to one- 

ODAST is nm only for those constituents that pass the travel time and initial conmntration screening 
steps. Model m can be executed for only one CFC at a time, and the solution may be applied over 
any arbitrary segment of a waste anxi that is judged to contain an unchanging subsurface!. A 
superposition technique is used to combine calculations for the two homogeneous layers comprising 
the vadose zone conceptual model. 'zhe ODAST solution at the bottom of layer 1 is divided into loo0 
small time steps and a layer 2 run is perfmed for each of these steps. Each of these layer 2 runs 
assumes no source decay, a recharge period 1/1ooO of the tdtal modeling time, and a source 
comtration equal to the averaged layer 1 solution for that time period. The solution at the boaom 
of layer 2 is obtained by summing the results of the lo00 layer 2 runs at specified time steps. For 
RUFS maleling, concentratim a ~ l e  calculated up to 1,OOO years, typically in steps of 20 years. 
Constituents that migrate quickly, such as organics, require smaller time steps for accurate 
representation of loading curves. 
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ODAST requires a formaned ASCII file containing the input parameters for a particular problem. This 
is the only input required. Likewise, output is contained in a single formatted ASCII file. The unit 
conventions for the input file parameters are: specified calculation times and source depletion time are 
expressed in years, all other parameters use days, and any consistent length scale may be used. 
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The first parameters appearing in the input file are specifications of the values of the independent 
variables for which the calculations are desired. These include the number of x positions, number of 
times, and the actual x positions (measured positive downward from the top of the layer) and times. 
Because COIlcentratr ‘om are q u i d  at the bomm of the layer, only one x position, representing layer 
thickness, is used. Layer thiclolesses vary among and within the waste areas and are obtained from 
interpolated measurements at the FEMP. As previously stated, times up to 1,OOO years in 20 year 
increments normally used. The number of times may be mater and increments smaller if the 
constituent migrates rapidly. 

The h a l  line of the input file contains the waste area, solute, and medium dependent parameters. In 
order of appearance in the file, they are the dispersion coefficient, seepage velocity, retardation factor, 
source depletion time, solute decay factor, and source depletion factor. 

Seepage velocity and the dispersion coefficient depend upon the characteristics of the waste area and 
the vadose mne medium. Seepage velocity is calculated as an empirical function of the percolation 
rate obtained from the HELP model, saturated hydraulic conductivity. and porosity (US EPA 1988). 
The dispersion coefficient is obtained as an empirical function of seepage velocity (Biggar and Nielsen 
1976). 

The remdation factor accounts for transport delays due to reversible reactions between the chemical 
constituent and the vadose zone solid matrix. It is thus dependent on both solute and medium 
characteristics, and is calculated as a function of the constituent’s partitioning coefficient and the 
vadose mne bulk density and moisture content (Walton 1984 and Mills et al. 1985). 

The solute decay factor is constituent dependent This parameter accounts for biodegradation in 
organics and radioactive decay in radionuclides, and is zero for stable inorganics (ASI/lT 1992b). 

Source depletion time and factor control the mass flux history of the constituent at the top of the 
modeled layer. As can be seen from the upstream boundary condition, source mass flux decays 
exponentially. To calculate depletion time and factor for the waste at the top of layer 1, the time 
dependent expression for mass flow from the source is integrated from zero to the source depletion 
time. This integral is equated to the depleted mass of the COIlstituent to provide a single equation in 
two unknowns. A SeCoIbd equation is obtained by arbitrarily specifying a mass depletion fraction. 
This is the level (very close to, but less than one) at which the source is declared depleted; technically, 
the source is depleted only as time approaches infinity. As stated previously, depletion factor is zero 
and depletion time is Woo0 of the total modeling time for the layer 2 runs. 
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For the 1,ooO-year scenario, the projected coIlcentrab 'on of the leachate entering the Great Miami 
Aquifer beneath the waste area was calculated by multiplying the normalized concentration at the base 

rates were calculated by multiplying the projected concentfarion beneath the waste area by the 
volumetric recharge rate frum the source. The plots of loading rates versus time wefe then produced 
for the wnstituents which were projected to mch the aquifer within 1,OOO years. The peak values in 
these plots wefe cormsidenxl as the maximum loading rates to be o k v e d  in the aquifer for the 
contamlMn - ts over 1,OOO years. 

of the lowest layer by the source term (initial contaminant concamah ' ~ n  - Leachate B). The loading 

ODAST Modeline Results 
Loading rates to the Great Miami Aquifer were estimated for each CPC for the Operable Unit 1 waste 
afeas and for selected Bcs detected in the perched groundwater using ODAST. Technetium-99. 
uranium-234, uranium-235, d u m - 2 3 8  and arsenic were selected from the perched groundwater 
CPCs they appear to present the highest risk based on the ratio of the maximum detected co- 'on 
and the lo-' risk based or ).l Hazard Quotient concentrations. Table D.3-14 provides a summary of 
the loading times and rates for the C p c s  which wil l  reach the Great Miami Aquifer within 1,oOO 
years. The loading rates were used as input data for SWIFT aquifer model to model the groundwater 
movement and solute transport in the Great Miami Aquifer. This table also presents the approximate 
number of years for the Bcs fmm Operable Unit 1 to reach the Great Miami Aquifer and the 
maximum concentrations of compounds in the leachate fhat would be expected before being diluted in 
the aquifer. 

For the waste area source, Table D.3-14 shows that uranium-238 has the highest loading rate and 
loading concentratjons at between 620 and 630 years. Uranium-234 and 235 also contribute 
significant loading and cmcemab 'ons at these times. Boron and vinyl chloride have the highest 
loading and concenrration of the inorganic and organic constituents respectively. Since different 
constituents contribute different proportions of risk based upon unit risk factors, concentratjons need to 
be multiplied by risk factors to determine risks associated with a particular compound i.e., 
coIlcentfations are not directly comparable fmm the standpoint of risk. To demonstrate the effect of 
loading for the perched groundwater source beneath Waste Pits 4.5.6 and the Bum Pit based on the 
highest risk, technetium-99, d u m - 2 3 4 ,  uranium-235. uranium-238 and arsenic were modeled. As 
shown in Table D.3-14, uranium-238 has the highest loading rate and loading concentrations between 
530 and 540 years. When compared to loading concentrations from the waste a m  source. the 
radionuclide loading concentrations fmm the perched groundwater source are several orders of 
magnitude lower. Arsenic in the perched groundwater does not reach the Great Miami Aquifer in 
1,ooo years. 
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Loading rates of a constituent from ODAST to the aquifer from a given soume vary over time. 
mcally, loading rates experience a mild increase representing the dispersion front followed by a 
sharp increase repmmting the principle breakthrough of the constituent. They can then stabilize or 
decrease depending upon the depletion time of the soume. For a long depletion time the source 
remains active for a longer period during the simulation. The depletion rate is low for long depletion 
times, this edlswles a mild change in the source term with time and helps to approach a steady-state 
cordition within the simulation time of 1,OOO years. For short depletion time, the source tern 
vanishes earlier during the simulation period. For high depletion rates, the source term decreases 
faster during the simulation period. These factors cause an unsteady variation along with a sharp 
decline in the loading rates. 

B 

D.3.7 AOUIFER MODELING 
Aquifer modeling is performed on both CPCs defined for the vadose zone pathway and CPCs from the 
surface water pathway. The derivation of the CPCs for the surface water pathway and the surface 
water modeling is pseaued in Section D.2.0. 

D.3.7.1 Desc rimion of Model. Backmound. and Develoument 
Groundwater modeling for the Operable Unit 1 risk analysis was performed with the calibrated 
groundwater flow model for the FEMP. This model utilizes the SWIFT code and was previously 
calibrated using groundwater elevations obtained during tbe April 1986 monitoring period. A brief 
summary of the calibration and the d t s  of the calibration are presented in this section. B 
The groundwater modeling program was initiated to define groundwater transport in and k u n d  the 
FEMP. The selection, verification, calibration, and d t s  of groundwater modeling are presented in 
two separate reports (IT 1990 and DOE 1990), and in the Groundwater Modelig Report - Summary 
of Model Development (DOE 1993). The groundwater model used in support of the risk analysis is a 
finitedifference computer model of groundwater flow and solute transport. The computer program 
used is SWllT/386 Version 251. A comprehensive verification study of the SWIFT code has been 
completed and a report issued (IT 1990). A detailed presentation of the model, its development, and 
the baseline input data was issued as a part of the overall modeling report prepared under the RUFS 
(DOE 1990) and revised and issued as a separate report (DOE 1993). Only the most pertinent 
information is pmented here. 

Steps in the development of the model for application to the FEMP have included: 

Construction and calibration of a regional, two-dimensional, steady-state groundwater 
flow model 

Construction and calibration of a regional, three-dimensional, steady-state groundwater 
flow model 
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Application of a local, twodimensional, analytical solute transport model to help strate- 
gize the numerical soIute P ~ ~ ~ S P O R  model 

construction of a local, two-dimensional, transient solute transport model 

consbuction and calibration of a local, thmdimensional, transient solute transport 
model with uranium wmntrarion data fnnn the monitoring wells 

The regional model covers an am of 28.7 square miles (74.3 b2), including the FEMP, the Southern 
Ohio Water Company (SOWC) collector wells, and a portion of the Great Miami River. The regional 
model's grid spacing varies between 250 feet and 2,000 feet (76 m and 610 m), and has the closest 
grid spacing in the area of the SOWC collector wells. It was calibrated against field data using a 
steady-state flow condition and calibration results were incorporated into the local area model. 

The local model covers a smaller area than the regional model and uses a tighter grid spacing, with 
grid cells 125 feet (38 m) on a side. The smaller grid was established to include the area of the 
existing uranium plume, and extends from the northern part of the FEMP to approximately 1,500 feet 
(460 m) north of the Great Miami River (Figure D.3-14). The grid size was selected based on the 
need to simulate a Uranium dispersivity of 100 feet (30 m) longitudinally, which was the preferred 
value based on literature review (IT 1990). Using this dispersivity value, the grid size was selected to 
accommodate dispersivity values as low as 62.5 feet (19 m), or half the distance of the local grid area 
of 125 feet (38 m). The relationship between the local and regional models was established by 
imposing the steady-state flow field predicted by the regional model onto the local solute a;msport 
model. 

The regional and local models each contain five layers. These layers are wnqtually shown in Figure 
D.34. The uppermost two layers represent the upper and lower parts of the upper Great Miami 
Aquifer that underlies the area. The middle layer represents a clay interbed that is present in the 
immediate vicinity of the FEMP site, and the lowemost two layers represent the upper and lower parts 
of the lower Great Miami Aquifer. In regions where the clay intedxd is not present, the middle layer 
has the same characteristics as the upper two layers. The layers extend laterally into bedrock to the 
edges of the buried valley that contains the aquifer. The number of aquifer cells in each layer was 
demeased with depth in the aquifer to simulate the narrowing bedrock valley. This was done using 
bedrock topography maps of the region and simulated the U-shaped buried valley which contains the 
Great Miami Aquifer. 

Pumping wells are located in the area spanned by both the regional and local models. These include a 
FEMP production well (there are four total, but only one pumps significant quantities of water) and 
three industxial wells located south of the FEMP site in both models. hunping from each of these 

wells was assigned to the proper cell and layer in the model. In addition, the regional model also 
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simulates the pmnce of two large capacity collector wells owned by the SOWC located by the Great 
Miami River. Although they are not directly included in the local model. they do influence its results 
by way of the boundaq conditions brought in from the regional model. 

The calibration of the groundwater flow model was performed by comparing hydraulic heads 
calculated by the model against beads m d  in numelous monitoring wells throughout the FEMP 
and surrounding ams. This calibration was performed using the regional flow model. Reasonable 
estimates of hydraulic conductivity and recharge were initially input into the model and then varied 
within an ampable  range to adjust model-computed heads into agreement with observed monitoring 
well heads. 

The model used varying hydraulic conductivity values for the five layers based on the results of the 
calibration. The uppermost and middle layers were assigned hydraulic conductivity values of 450 feet 
per day (140 dday),  and the lowermost layers used 600 feet per day (1 80 dday). In addition. a 
portion of the middle layer which underlies the FEMP was assigned 0.0003 feet per day (9 x lo5 
dday)  as a hydraulic conductivity value to represent the clay interbed (as shown by geologic borings). 
This simulated the presence of a low permeability clay and created a semi-confining layer underneath 
part of the FEMP and its m u d i n g  area Vertical to horizontal hydraulic conductivity ratios were 
set for all layers at 0.1. Results of the recent South Flume pump test calculated aquifer values for 
vertical to horizontal ratios from 0.07 to 0.17 (Le., over a range which includes this value) (Parsons 
1993). 

Recharge rates set as a result of the regional model calibration were assigned to several different 
zones. In areas where the sand and gravel aquifer is overlain by glacial overburden, a recharge of 6 
inches per year (0.15 m/yr) was used. Regions where the Great Miami Aquifer is exposed at the 
surface use 14 inches per year (0.36 m/yr), with Paddys Run channel W i g  assigned a value of 32 
inches per year (0.81 m/yr) in the local model to simulate its inc- infiltration. An additional 
region, the area covered by the FEMP was also included as a consequence of the sensitivity analysis. 
This region was assigned a value of 2 inches per year (0.05 Wyr) to simulate the developed nanue of 
the site and the effects of storm water drainage into the storm sewer system. 

Groundwater flow conditions simulated by the model were successful and reproduced the observed 
flow conditions throughout the study area Based on water levels from 55 wells, the arithmetic mean 
residual (observed head minus calculated head at the monitoring well) for the calibrated flow model 
was 0.33 feet (0.1 m). The excellent match portrayed by this residual value is realized when 
compand to a totaI change in hydraulic head of approximately 20 feet (6.1 m) over the modeling area. 
The mean of the absolute values of the residuals was 1.08 feet (0.33 m), with a standard deviation of 
1.36 feet (0.41 m). Water balgm!s performed using the model showed total inflow and total outflow 
from the model to agree \ L i b  0.2 percent. 
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To maintain hydraulic similarity between the regional and local flow models, a computer program was 
used to check, cell by cell, the correspondence of heads in the local model with heads in the regional 
model. The pmgram verified mat the regional flow model calibration was presewed in the local 
model which was used for solute transport; thus, no new flow calibration was necessary. The local 
model used hydraulic parameters identical to those used in the calibrated regional model. Boundary 
conditions for the local model wen set from corresponding cells in the regional model to maintain the 
hydraulic similarity. 

I -- 

D.3.7.2 SWIFT ModelinR 
The calibrated pundwater flow model for the FEMP is used to simulate the solute transport of the 
compounds in the Great Miami Aquifer. A umstant loading period was defined for ODAST output 
for each coplstituent for the SWIIT modeling based upon source decay, retardation and constituent 
decay factors. Typically, a 5 year loading period was used for organics (low retardation factors) while 
a 20 year period was defined for radionuclides (high retardation factors). Loading rates for each 
period were calculated by averaging the results of the vadose zone modeling over the length of each 
period. In this way, total mass inflow into the aquifer was maintained. Compounds were simulated 
for a total of Loo0 years in the Great Miami Aquifer. 

Loading rates were assigned to each of the potential s o w  areas in the model and were adjusted to 
account for the varying surface area occupied by each waste area Model source areas were calculated 
by dividing the area of the actual source by the area of a model grid cell, which is 125 feet (38 m) on 
a side (a total of 15,625 square feet [1450 m']). This defined the number of cells needed for each 
source area in the model as shown in Table D.3-15. Cells in the model were then assigned' to each 
source m to cornspond with the physical location of the source. The loading rate for each 
mmpod was then divided by the number of model cells in each source area to derive the adjusted 
loading rate for each cell in the source area. 

In the case of uranium-234, uranium-235, and uranium-238, all three uranium isotopes were modeled 
as one compound to simplify the modeling and to allow the use of the previously calibrated total- 
uranium solute transport model. Because the previous model utilizes total-uranium and because the 
uranium at the FEMP is mostly d u m - 2 3 8  (approximately 99 percent by mass), this approach was 
used. 

Initial background concemtions of each compound in the aquifer were set at zero. The model 
simulations for the Operable Unit 1 CPCs used dispersivity values of 100 feet (30 m) longitudinal and 
10 feet (3 m) in the transverse direction. These values were determined during the solute transport 
calibration for uranium and are based on values taken from literahut review (DOE 1990 and Walton 
1985). Distribution coefficients (Kd) and decay factors for simulated compounds were also taken from 
literame review and are shown in Table D.3-16. 
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Model simulations were performed using SWIFI7386 on a Powerbox PC microcomputer. Simulation 
execution times varied between 18 and 37 hours and required extensive computing capacity. Output 
was written to a single file from which relevant data was extracted using data manipulation pmgrams 
written for that purpose. Contour plots were made for selected constituents at different simulation 
times for Bcs from both the vadose zone and surface water pathways to r epmnt  plumes in space 
and plume changes over time. contour plots are presented at 100 years, at the time of maximum 

) 

corE4mtmh 'on, and at 1,Ooo years. 

Calibration to 2000 Series Wells Concentrations 
As described above, modeled values are compared to monitored concentrations to confixm model 
predictions (see Section D.3.1.2). Calibration was performed to year 40 to reproduce approximate 
co~rrations found in the aquifer. Table D.3-12 shows that calibration is required for barium, 
strontium-90, technetium-99 and uranium, based on these Bcs being present above background 
c o w  '011s in the Great Miami Aquifer and reaching the fenceline within 1,OOO years. 

For barium, a source tern of 0.2 x lo-' lbs/day was added to 10 cells within Operable Unit 1 for the 
30 year block of time. With this loading rate, a concentration of 0.37 ppm was modeled at the 
location of well 2027 compared to an average measured value of 0.4 ppm (based on 6 quarters of data 
1991 and 1m). Since these values are within the same order of magnitude, calibration was 
considered complete. 

For Strontium-90, a source term of 0.44 x 1Wday was added to 10 cells within Operable Unit 1 
for the 30 year block of time. With this loading rate, a concentration of 5.3 x lo-' ppb w& modeled 
at the location of well 2019 cornpafed to an average measured value of 5.25 x 10' ppb (based on 6 
quarters of data 1991 and 1992). Since these values are within the same order of magnitude, 
calibration was Considered complete. 

For techmtium-99, a source tern of 0.128 x 10" lbdday was added to 10 cells within Operable Unit 1 

for the 30 year block of time. With this loading rate, a concentration of 1.78 x lo-' ppb was modeled 
at the location of well 2019 compared to an average meaSufed value of 1.92 x lo-' ppb (based on 6 
quarters of data 1991 and 1992). Since these values are within the same order of magnitude, 
calibration was considered complete. 

For uranium, a source tern of 0.2 x 10" lbdday was added to 10 cells within Operable Unit 1 for the 
30 year block of time. With this loading rate, a concenmtion of 2.6 ppb was modeled at the location 
of well 2019 compared to an average measured value of 2.6 ppb (based on 6 quarters of data 1991 and 
1992). At well 2021, a modeled value of 2.25 ppb compared to a measured value of 5.7 ppb. Since 
these values are within the same order of magnitude, calibration was considered complete. 

'7 I; j. 
of- Ji., 

D 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

15 

19 

20 

21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 

33 



FEMP-OlRI4 DRAFT 
October 12.1993 

vadose zone Pathwav SWIFT ResulR 
Table 0.3-17 summarizes tbe SWIFT modeling results. 'Ihis table shows the time and value of 
maximum concatrab 'on for each of the modeled constituents for both the waste area and perched 
groundwater sources. In addition, concedons ,  based on monitoring data, are pmented for 
constituem found in groundwater. These represent psent day (model year 40) conceMons of 

decmise 2 ordens of magnitude from the vadose zone CoIlCentration to the G m  Miami Aquifer. From 
Table D.3-17, it is seen that the uranium isotopes for the waste area source have the highest modeled 
co- '011s in the Great Miami Aquifer. Uranium-238 is more than 2 orders of magnitude more 
than uranium-235 and almost 4 orders of magnitude greater than the next highest constituent, vinyl 
chloride. Even with variable unit risk factors, uranium-238 will dominate the risk. 

these c~nstitue~NS. By comparing Tables D.3-14 and D.3-17, CoIlStituents are typically pdicted to 

Based on the previous discussion, the time of maximum risk on-site and off-site risk is determined by 
the maximum uranium-238 for the waste area source. These concatrations occur at 630 years (on- 
site) and 680 years (off-site). For the perched water source. the time of maximum risk on-site and off- 
site risk is also determined by the maximum uranium-238. These concentfations occur at 540 years 
(on-site) and 690 years (off-site). Becaw uranium isotopes have the same retardation factors, the 
maximums for uranium-234 and 235 also occuf at these times. Tables D.3-18 and D.3-19 present the 
CPC concentrah '011s at these years at the maximum on site location and maximum off site location. 
Again it is seen that the uranium isotopes especially d u m - 2 3 8  dominate the wncentrations and thus 
the risks at these locations and times. Appendix E will calculate the total risk based upon these 
concentrations. 

Figures D.3-14 through 22 illustrate the concentrations in the groundwater at the three selected time 
intervals for uranium, cyanide and tetrachloroethene due to loading from the Operable Unit 1 source 
areas. Plume maps of these constituents are presented to provide spatial distributions of representative 
constituents as they migrate through time. From Figures D.3-14 through 22, it can be observed that 
the contaminant plumes are moving towards the east and southeasterly directions. This flow direction 
corresponds to the model flow field and is influenced by the high capacity SOWC water supply wells 
located east of the facility. For uranium, (FQgms D.3-15, 16, and 17). minimal concentrations are 
predicted after 100 years. A maximum is reached in 630 years which slowly declines to l.OO0 years 
(compaFe Figures D.3-16 and 17). The cyanide plots (Eigures D.3-18 ,19, and 20) all show similar 
trends suggesting a small but constant source term. The tetrachloroethene plots (Figures D.3-21.22. 
and 23) also show similar trends over time. A "steady state" equilibrium is reached for the 
tebachloroethene plume based upon a continuing SOURX and a high decay rate. 
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Surface Water Pathwav SWIFT Results 
seaion D.2.0 modeled runoff and stream concentrations. Because Paddys Run lies directly in contact 
with the Great Miami Aquifer Over a portion of its course, a contaminant migration pathway exists 
into the aquifer through its streambed. Migration of contaminants in surface runoff to Paddys Run 
from the surface soil in the Operable Unit 1 waste a~eas and from Paddys Run to the Great Miami 
Aquifer has been designated the surface water to groundwater pathway. CPCs that follow the surface 
water pathway to the Great Miami Aquifer are first scleened to remove constituents that pose 
hignificant risk. This Screening is performed by taking the contaminant concentmion in the moff 
effluent (C,J from MUSLE, and applying a Great Miami Aquifer dilution factor to this concentration 
to determine a theoretical Great Miami Aquifer concentration This theoretical Great Miami Aquifer 
concentration was then compared to 10" risk based concentratl '011s for carcinogens or 0.1 Hazard 
Quotient concentrations for nonarchogens. These scleening concentrations are derived by dividing 
the 10" risk based concenhations or Hazard Quotient of 1 concentralions for tap water (EPA 1993) 
by 10. If theoretical Great Miami Aquifer concentratim are below the screening conanrrarions then 
the constituent is screened out and is not modeled in the aquifer (Table D.2-5). One-hundred percent 
of the runoff effluent volume is assumed to flow to the Great Miami River, and 30 percent of the 
nmoff effluent volume is assumed to infiltrate to the Great Miami Aquifer through Paddys Run during 
storm events. 

B 

1 Since Paddys Run exfiltrates to the Great Miami Aquifer, the constituents that passed the surface water 
Srreening (see Section D.2.0) are modeled with SWIFT. Constituents requiring modeling include 
arsenic, technetium-99 and d u m - 2 3 4  and 238 isotopes (see Table D.2-5). 

Table D.3-20 summarizes the results of the SWIFT modeling for these surface water constituents 
presenting the time and maximum concentrations. The radionuclides all  show maximum 
c.0- '011s within 40 years. Arrival times are fast since there is a direct connection between 
Paddys Run and the aquifer. Maximums are reached quickly because the source term maximizes at 
the beginning and depletes over time. Because of their higher &s, arsenic and lead take a longer time 
to reach a maximum concentration Mass of constituents entering the aquifer from the surface water 
are initially adsorbed. Like the vadose zone pathway, uranium-238 has the highest concentration of 
the modeled constituents by five orders of magnitude over uranium-234 and 4 orders of magnitude 
over arsenic. 

Figure D.3-24 shows the total uranium plume from the surface water loading at the time of maximum 
CO- 'on of 10 years at coordinates N481.311, E1.377.790. This figure shows a plume centered 
on Paddys Run with primary trampon to the east and to the south. Some western transport is also 
shown caused by mounding and dispemion. This figure shows the general vends of how the south 
plume could have been mated by exfilvation from Paddys Run. 
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D.3.8 WCER TAINTY IN MODELING RESULTS 
The fate and transport modeling perfomed for Operable Unit 1 is subject to uncertainty and variability 
due to factors such as the lack of compound specific characterization data, the inability of the models 
to simulate natural systems with 100 percent accuracy, and the assumptions for fume site conditions 
for the waste units. Of these factors, the assumptions made for the future conditions of the waste units 
have the most impact on the modeling d t s .  The waste units are all assumed to release 

yields higher commination levels than would be considered if a vegetative cover or cap was 
constxud. However, this type of assumption is the primary premise in performing a baseline 
assessment and the most conservative for the purpose of evaluating the risk from the pundwater 
Pattrway- 

to the mvimena without future maintenan ce. ahisisaworstcasescenarioandthus 

The inherent assumptions built into the models and the assumptions made to develop input parameters 
for the models also have an impact on the final results. The major uncertainty in the analysis is the 
estimation of pammeters related to the attenuation and retardation of constituents. Based upon the data 
available, a conservative approach was used which may overestimate the concentration of the leachate. 
The assumptions of total contact between the waste and the leaching fluid and no containment of the 
leachare concentrations will produce higher concentrations than would be anticipated under actual 
conditions. 

The following sections discuss uncertainty associated with the different models used in the fate and 
transport modeling. 

D.3.8.1 HELP Model 
The HELP model is mainly sensitive to the parameters used to define evapotranspiration and runoff. 
The majority of water exiting the system is lost m u g h  these two mechanisms and thus the remaining 
water becomes the seepage passing through the waste unit, Evapotranspiration is controlled by the 
plant m e r  type used, which was assumed to be bare ground for the Operable Unit 1 simulations. 
This would in fact cause a large decrease in contaminant seepage and loadings if vegetative m e r  
were established, as the amount of water available for seepage would decrease. As this is currently 
not the case, the present Fesults from the HELP model are more conservative. 

Runoff in the HELP model is controlled by the Soil Consemation Study runoff curve number used, 
which in turn is derived firm the ground type, vegetation type, and land use. If any of these factors 
8 f e  incorrect, available water for seepage could change and thus loading to the aquifer would change. 

Uncertainty was also involved in the computation of seepage flow rates for the glacial till and the 
uzlsaturated sand and gravel layer. The unsaturiited seepage flow rate is a function of the unsaturated 
hydraulic conductivity which depends on parameters such as porosity, residual saturation, and pore size 
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distribution index. All of these parameters vary in a physical formation matrix and thus cannot be 
fully defined for use in a numerical model. However, the sensitivity of HELP to hydraulic 
conductivity was examined. A typical HELP run for the production area of the site had four layers: 
(1) earth cover, (2) fractured brown clay, (3) till or gray clay, and (4) UIlSatLuated aquifer. Thicknesses 
were 0.5, 15, 17, and 35 feet respectively. The lowest hydraulic conductivity was that of the till layer. 
Table D.3-21 illustrates the effect of changing this conductivity on seepage rate. 

It is apparent that a duction of over 2 orders of magnitude is necessafy to cause a significant 
reduction in the seepage velocity. Apparently the rate of 10.92 inche4yea.r is limited by other factors 
(i.e., that is all the water that is available for seepage). Consequently, one would expect that the rate 
would not inmase significantly with increases in hydraulic conductivity. 

A sensitivity analysis of effect on seepage rate of change in conductivity values was also performed 
using a different strati graph^ that of Waste Pit 1. Five layers were present (1) earth cover - 0.5 feet, 
(2) Pit 1 Waste - 18 feet, (3) clay liner - 11 feet, (4) till - 2 feet, and (5) unsaturated aquifer - 24.3 
feet. Conductivities of each of these layers were changed in order of magnitude steps, both up and 
down. The results are ill- in Table D.3-22. 

It is apparent that for pit 1 large changes in all conductivities will affect the seepage rate. Reduction 
in the conductivity would cause an almost proportional reduction in seepage rate. An increase of 10 
caused an increase by a factor of 3+ so that it is apparent that other factors (evapotranspiration, etc.) 
are becoming important. The seepage rate would certainly be expected to be bounded by these values. 

D.3.8.2 ODAST Model 
Sensitivity analyses were conducted on the vadose zone model ODAST by varying the D m y  velocity, 
the longitudinal dispersivity, and the layer thickness within the model to determine their impacts on 
the loading c w e s  generated by the models. Data from a waste unit was used as a baseline for 
comparison and an mtarded, nondecaying contaminant was used. Longitudinal dispersivity, Darcy 
velocity, and layer thickness were all varied by a factor of two by both doubling and halving each of 
the parameters while all other input was held constant. ODAST was used to evaluate the impacts of 
each of these parameters on final modeling results. The results of these analyses are presented in 
Figures D.3-25, D.3-26, and D.3-27. 

All three figures illustrate that for a given source loading rate, the peak concentration reached for a 
nondecaying solute is the same regardless of the flow system used. This is shown by the peak 
loadings reached by the contaminant, which is 100 ppb for all cases studied. The main influence 
noted in all three cases has to do with the time required for maximum loading to occur at the base of 
the vadose zone. Longitudinal dispersion (Figure D.3-25) has a negligible impact on the time for 
loading to reach the aquifer and the vadose models are not sensitive to its value. The models are 
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Darcy velocity Figure D.3-26) and layer thickness (Figure D.3-27) as these both 
directly control the transport time required to pass through the vadose zone. Doubled layer thicknesses 
or halved Darcy velocities cause a significant increase in the time required for contaminant to reach 
the aquifer and for maximum loading to occur. Likewise, halving the layer thicknesses and doubling 
the Darcy velocity causes a decrease in the times. 

3 

4 

5 

TRe impact of the Darcy velocity and layer th ichss  on tk models is somewhat limited due to the 6 

7 

8 

9 

10 

derivation of the parameten themselves. Layer thicknesses were derived from Operable Unit 1 boring 
data which should not vary over a large range within the operable unit Darcy velocity is a function 
of the seepage rate, calculated by the HELP model, and the formation porosity, which is fairly well 
defined for the media simulated by the models. 

A parameter specific sensitivity analysis was conducted for dum-234, as a part of the modeling 
analysis to observe the variation of the modeling d t s  by changing the values of certain parameters. 
The sensitivity runs were performed by increasing and deawing hydraulic conductivity, porosity, and 
retardation factor from the estimated values in a series of order-of-magnitude steps in the range of 
known site values. Hydraulic conductivity is a very important flow parameter. It is used as a direct 
input into the seepage velocity calculation, moreover, hydraulic conductivity is also a controlling factor 
in determining the =page flow d e r  both saturated and unsaturated conditions as described in the 
previous section. 

Results indicate that the variation of hydraulic conductivity only affects the arrival time of the 
contaminant (uranium-234), however there is no significant change in the peak concentratioi.  he 
anival times of the contaminant in the aquifer were estimated at 100 and 540 years, respectively, due 
to inmase and decrease in the hydraulic conductivity value by 1 order of magnitude from the 
estimated value. Further decreasing the hydraulic conductivity by 2 orders of magnitude, the arrival 
time was delayed to 2,200 years. Sensitivity runs conducted by varying porosity (increasing as well as 
decreasing porosity by 30 percent) had no significant effect either on the arrival time or peak 
COlMXnWah 'on. Results also indicate that the variation of distribution coefficient affects the arrival 
time, whereas the peak concentration remains unchanged. Arrival times, for the sensitivity runs 
performed by decreasing and inmasing distribution coefficient by 1 order of magnitude were 40 
years and 1,2W years respectively. 
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tlMtthepeakWIKXSUab 'on for uranium was always within 1 order of magnitude when steady state or 
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when decay is combined wifh low seepage velocities and/or retardation due to adsorption, the 
contarmnant * coxlcxnml 'on at the Great Miami Aquifer is significantly reduced. However, the 
difference between the peak Concentratl '011s reaching the aquifer for low and high seepage velocities is 
sensitive to whether the contaminant concentration reached a steady state. For any contaminant, if the 
steady state condition was reached for both low and high seepage flow velocities, the peak wnmtra- 
tions differ less compared to other constituents that did not reach a steady state concentrations at the 
aquifer within the simulation period of Loo0 years. 

B 

The movement of organic constituents to the Great Miami Aquifer is greatly impeded by high 
biodegradation rates. For low seepage velocities and dispersion coefficients, the transport process is 
delayed and more time is available for degradation of the organic chemicals. Thus for organic 
chemicals, the peak CQ- 'ons were several orders of magnitude lower (or zero) with low-end as 
compared to highend seepage velocities and dispersion coefficients. 

The range of hydraulic conductivities at a site is coIlstrained by the geology. Nevertheless, the 
reasonable range of hydraulic conductivities at a site permits a high degree of variability in 
COIltarmnant - transport. 

D.3.8.3 SWIFT Model 
Like the vadose zone models, SWIFT is mostly influenced by the solute transport parameters it uses to 
simulate contaminant movement through the aquifer. Of these, retardation is the least well defined and 
has the most impact on the fate of contaminants in the groundwater. Calibration of the SWIFT model 
for uranium was performed as par& of the R4FS process. The SWIFT flow model was calibrated by 
comparing hydraulic heads calculated by the model against heads measured in numerous monitoring 
wells throughout the FEMP and surrounding areas. The flow calibration is described in Section 3.7-1. 
The S m  solute transport model was calibrated by simulation of uranium transport in the Great 
Miami Aquifer (rr 1%) over the period of operation at the FEMP. A portion of this calibration 
involved testing uranium remdation values to determine which value fit historical loading data and 
present day pundwater concentration data most accurately. Uranium retardation factors below 4 
were found to transport uranium too quickly through the system and thus did not match historical data. 
Retardation factors above 15 were found to not match present day uranium distributions without large 
aquifer dispersion values, which were felt to be unrealistic. Consequently, a retardation factor of 12 
was found to give the best match for uranium during the modeling process, which also fell within the 
range of the geochemical studies performed for uranium at the FEMP (lT 1989). This same value was 
used in uranium fate and transport modeling. 

) 

Two SWIFT sensitivity .pns were completed with parameters chosen to maximize dilution and 
dispersion (Run #l)'& 'td minimize dilution and dispersion (Run a). The retardation factor of 12 
(corresponding to Q of 1.4 W g )  is considered to be a conservatively low value since most B 
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experimental data for FEMP and other locations indicate higher values. This value was used in Run 
#1, SWIFT layers 1 and 2. Other parameter values layers 1 and 2 for Runs #1 and #2 were chosen to 
represent a reasonable range that might be expected in the aquifer sand and gravel layers. Nominal 
values for other layers were Iletained. Table D.3-23 illustrates the input parameters and results for 
these IuI1s. 

These results indicale that almost an order of magnitude variation in maximum concentmiion could k 
expected within the range of variation expected for site parameters. Note however that the plume 
s p d  is more significant with almost a factor of 100 variation in size for the area within the 1 ppb 
CONDUC. Note mat while Run #2 has higher co- 'om, the 1 ppb contour is contained in a small 
area underneath the site. The time of occurrence for peak concentratons for Run #2 is also extended 
beyond 1,OOO years. 

As described in Section D.3.12, "direct leak" terms have now been incorporated into the calibration 
process so that a better match of early concentrations of uranium and consideration of other 
constituents with limited groundwater monitoring data ane possible. The major parameter affecting 
solute transport is retadation. Higher retardation factors delay the appearance of a concentration peak 
at a receptor almost proportionately. Experimental determination of retardation factors for CPCs. 
which have relatively large source tern and are relatively toxic is an important factor in reducing 
uncertainty in solute transport 

2 l e  

12 

13 

14 

15 

16 

17 



FEMP-01R1-4 D M  
October 12,1993 

REFERENCES 

A S W ,  Advanced Sciences, Inc./Intexnational Technologies Corporation, October 1992. Work Plan 
Addendum. Femald, OH. 

Batu, V., 1989. "A Generalized Two-Dimensional Analytical Solution for Hydrodynamic Dispersion 
in Bounded Media with the First-Type Boundary Condition at the Some," Water Resources Research, 
Vol. 25, NO. 6, p ~ .  1125-1132. 

Barari, A. and L. S. Hedges, 1985. "Movement of Water in Glacial Till." International Association of 
H~dro~eolorrists. Memoirs, Vol. XW, Part 1. pn>ceedmgs , Hydmgeology of Rocks of Low 
permeability. Tucson, Az. 

Biggar, J. W. and D. R. Nielsen, 1976. "Spatial Variability of the Leaching characteristics of a Field 
Soil." Water Resources Researr: h, Vol 12, No. 1. 

Brenner, H., 1962. "'k Diffusion Model of Longitudinal Mixing in Beds of Finite Length Numerical 
Values." Chemical EngineeM~ Science, Vol. 17, pp. 229-243. 

Brockman, S. C., 1988. "Glacial Geologic Mapping in Hamilton County, Ohio, Report of Progress on 
the Final Phase." Ohio Department of Natural Resources, Division of Geological Survey. 

Cravens, S. J. and L. C. Ruedisili, 1987. "Water Movement in Till of East-Central South Dakota." 
Groundwater, Vol. 25, No. 5. 

Dove, G. D. and S. E. N o d ,  1951. "Conditions Governing the Occurrence of Gmundwater in the 
Femald Area, Ohio, with Reference to the Possibilities of Contamination by Disposal of Chemical 
Wastes." U.S. Geological Survey, Groundwater Branch. Columbus, OH. 

Fetter, C. W., 1989. Amlied Hvdroeeolom, Second Ed. Columbus, OH: Charles E. Merrill 
Publishing Company. 

Freeze, R. A. and J. A. Cherry, 1979. Groundwater. New Yo&: hntice-Ha.  

Geotrans, Inc., 1987. "he Sandia Waste-Isolation Flow and Transport Model for Fractured Media, 
SWIFT 111, Release 2.32." Hemdon, VA. 

Grisak, G. E., J. A. Cheny, J. A. Vonhof, and J. P. Blumele, 1976. "Hydrogeologic and Hydrochem- 
ical Properties of Fractured Till in the Interior Plains Region: in Glacial Till, An Interdisciplinary 
Study." The Royal Soa 'etv of Canada. Suecial Publications. No. 12, Robert F. Legget, ed. Ottawa, 
Ontario. 

Heath, R. C., 1983. "Basic Groundwater Hydrology." U.S. Geolorrical Survev. Water S U D D ~ ~  
P a r  2220. Reston, VA. 

Hendry, M. J., 1988. "Hydrogeology of Clay Till in a Prairie Region of Canada." Groundwater, Vol. 
26, No. 5. 

Howard, P. H., R. S. Boethling, W. F. Jarvis, W. M. Meylan and E. M. Michalenko, 1991. Environ- 
mental De& ation Rates. Chelsea, MI: Lewis Publishers, Inc. 

:. .#. I 

.;.::. .I. >,I :, .. .I ..... ... 3 ' I 

W U w l R I I J K l ~ l ~ l ~  D-3-37 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 
13 

14 

15 

16 

17 

18 
19 
20 

21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 

33 

34 

35 



4 
FEMP-CllRI-4 DRAPT 

O c m k  12 1993 

IT Corporation. 1989. "Geockam 'cal Program : Issues 3 and 5." prepared for U.S. w e n t  of 
Energy, Oak Ridge operations Office, Oak Ridge, "IN. 

IT Corporation, 199oa "Flow and Solute Transport Computer Code Verification." prepared for U.S. 
Deparbnent of Energy, Oak Ridge Operations office, Oak Ridge, TN. 

IT Corporation, 1990 b. "FMPC Groundwater Repoa" PrepaFed for U.S. Department of Energy, Oak 
Ridge operations office, Oak Ridge, TN. 

IT Corporation, November 7,1990~. Memorandum from S h u s  H. Djafari of IT for distribution, 
SubjeU - "Determination of Hydraulic conductivity of Till and Unsaturated Great Miami Aquifer 
Units." 

Javandel, I., C. Doughty, and C. E Tsang, 1984. "Groundwater Transport: Handbook of 
Matbematical Models." American GeoDhvsical Union Water Resource s MonoPraDh series 10. 
washington,Dc. 

Mills, W. B., J. D. Dean, D. B. Porcella, S. A. Gherini, R J. M. Hudson, W. E. Frick, G. L. Rupp, 
and G. L. Bowie, 1982. "Water Quality Assessment A Screening procedure for Toxic and 
Conventional Pollutants: Parts 1.2, and 3." U.S. EPA Environmental Research Laboratory, Office of 
Research and Development. Athens, GA, EpA-60016-82-004 a, b, c. 

Mills, W.B., D.B. porcella, MJ. Ungs, SA. Gherini, KV. Summers, Lingfung Mok, G.L. Rum, G.L. 
Bowie, and D.A Haith. 1985. Water Oualitv Assessment: A Screeniw pn>cedure for Toxic and 
a n v a  'onal Pollutants in Surface and G roundwater. US EPA Environmental Research Laboratory, 
Office of Research and Development. EPA/600/6-851002a Athens, GA. 

Moms, D. A. and A. I. Johnson, 1967. "Summary of Hydrologic and physical Roperties of Rock and 
Soil Materials, as Analyzed by the Hydrologic Laboratory of the U.S. Geological Survey." U.S. Geo- 
logical Survey, Water-Supply Paper 183PD. 

Rajetrdran. R, J. B. Pam, A. K. Sridharan, and M. Sampath, 1979. "Solvent Extraction of Uranyl 
Nitrate with Tributyl Phosphate," in S v m ~ ~ s i u m  on Solvent Exmctjon of Metals. Bombay, India: 
Department of Atomic Energy. 

Ogata, A. and R B. Banks, 1%1. "A Solution of the Differential Equation of Longitudinal Dispersion 
in Porous Media" U.S. Geological Survey, Professional Paper 411-A, Reston, VA. 

Parsons, 1993. "South Plume Removal Action Pumping Test Report, Operable Unit 5, Project Order 
37." Femald Environmental Management Project, Fairfield. Ohio. 

U.S. Department of Energy, 1990. "Groundwater Report - Draft." prepared f0r'U.S. Department of 
Energy, Oak Ridge Operations Office, Oak Ridge, TN. 

U.S. Department of Energy, 1992. "Final Draft Risk Assessment Work Plan Addendum." Femald 
Environmental Management Project, Remedial Investigation and Feasibility Studies, Femald, OH. 

U.S. Department of Energy, 1993a Groundwater Modeling Report - Summary of Model 
Development. Femald, OH. 

D3-38 

3 

4 

5 
6 

7 

8 
9 

10 

11 

12 

13 
14 
15 

16 

17 
18 

21 

22 

n 

24 

25 

ai 

n 
28 

29 

30 

31 

32 

33 

34 

35 



FEMP-OlRI-4 DRAIT 
October 12 1993 

U.S. Department of Energy, March 1993b. "Sitewide Characterization Report." FEMP, SWCR-6, 

U.S. Department of Energy, May 1993c. "characterization of Background Water Quality for Streams 
and Groundwater." Femald, OH, Draft. 

U.S. Environmental Protection Agency, 1984. "The Hydrologic Evaluation of Landl3.l Performance 
(Hns) ModeL" EPA/S3O-SW-84M)9. Washington, DC: US EPA, Office of Solid Waste and 
Emergency Response. 

U.S. Environmental Protection Agency, 1985. "Water Quality Assessment," EPA/600/6-85/002b. 
Athens, Georgia: Office of Research and Development. 

U.S. Environmental Protection Agency, 1987. "Low-Level and NARM Radioactive Wastes, Model 
Documentation PRESTO-EPA-POP, Volume 1, Methodology Manual; Volume 11, Users Manual." 
EPA/S20/1-87-024-1 and 2. Washington, DC: P A ,  Office of Radiation Programs. 

Walton, W. C., 1970. Groundwater Resource Evaluation McGraw-Hill. 

Walton, W. C., 1984. Practical AsDects of Groundwater Modeling - 2nd Edition. Worthington, OH: 
National Water Well Association. 

B FM 
1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

0147  



FEMP-OlRI4 D M -  
October 12 1993 

TABLE D3-1 

WASTE AREA PHYSICAL PARAMETERS FOR OPERABLE UNIT 1 MODELING D 
~~ ~ ~ _ _ _ _ _ _  

Volume of Dry 
A m  Waste Material Density 

Location <m2) ($1 <m3) (Yd3) org/m3) 

Pit 1 7,682 82,691 37,083 4 8,500 1,660 

Pit 2 4,172 44,901 18503 24,200 1,310 

Pit 3 22,422 24 1,347 156,055 204,100 1,330 

Pit4 7,785 83,799 42,130 55,100 1,830 

Pit 5 14,%5 161,077 74,854 97.900 958 

Pit 6 3.01 1 32,410 7,340 9,600 1,550 

Bum Pit 2.019 2 1,732 23,167 30,300 1,130 

Clearwell. 2,737 29.46 1 2,829 3.700 2,650 
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TABLE D3-2 

VADOSE ZONE MODEL INPUT PARAMETERS 
OPERABLE UNIT 1 

waste Pit 1 

waste Pit 2 

waste Pit 3 

waste Pit 4 

waste Pit 5 

Waste Pit 6 

Bum Pit 

Clearwell 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

2.0 

24.3 

13.0 

20.0 

0.0 

23.7 

13.0 

21.7 

13.3 

23.0 

15.9 

24.3 

12.9 

21.7 

0.0 

23.7 

1.140 x 1u2 7.500 x lo4 
4.500 x 10’ 7.500 x lo4 
1.140 iu2 1.380 

4.500 10’ 1.380 1u3 

4.500 x 10’ 2.240 

1.860 iu2 2.440 

4.500 io* 2.440 

1.830 x 1u3 3.670 

1.670 ru2 5.360 

4.500 10’ 5.360 

4.500 x 10’ 3.670 x 

1.410 x 6.430 x lo4 
4.500 x 10’ 6.430 x l e  

4.500 10’ 2.290 

2.453 x 

5.176 x 

4.407 10” 

9.016 x 10” 

1.401 x 10” 

7.768 x 

1.514 x 

1.149 x 

2.1% x 

1.648 x loe2 

3.099 x 10” 

4.500 

2.133 x 10” 

1.429 x 

8.231 x 10“ 

1.052 x 

9.855 x 10“ 

1.398 x lo9 

1.872 x 
1.283 x 
1.983 x 

1.630 10” 

2.665 10” 

2.114 10” 

3.607 10” 

9.935 x 10-’O 

1.900 10” 

7.976 x lo4 

& - vertical hydraulic conductivity 
q - vertical flow rate 
V, - vertical seepage velocity 
D, - longitudinal dispersion coefficient 
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TABLE D3-3 

MEDIA PARAMETERS FOR VADOSE ZONE MODEL 
OPERABLE UNIT 1 

Vadose Zone 

Parameter 

Porosity (96) 

Specific yield (96) 

Bulk density wee) 

Field capacity (96) 

Organic content (%) 

Fines passing less than 200 mesh (96) 

Moisture content (96) 

34 

6 

1.78 

28 

1 

70 

MC 

39 

25 

1.60 

14 

0.5 

16 

26d 

%yer 1 consists of a clay-rich till intewded with glaciofluvial sand and gravel stringers. 
b y e r  2 consists of well-sorted sand and gravel outwash deposits existing above the Great Miami Aquifer. 
'Layer 1 is assumed saturated. 
dAverage between porosity and field capacity. 

., 
I. *"- 

0150 pwwlRN)c. l~.3.3.M&l3-5l3 1 l : l h  ' i  
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TABLE D3-4 

RETARDATION FACTORS AND DECAY CONSTANTS 
FOR RADIONUCLIDES AT OU1 

FEMP-OlR14 DRAIT 
OctDber 12.1993 

constituent 

Retardation Retardation 
Factor Factor Radioactive Decay 
vadose 1 vadose 2 Constant (Day-') 

CS- 137 

Np237 

Pu-238 

Pu-239/240 

Ra-226 

RU-106 

Sr-90 

Tc-99 
Th-230 

Th-232 

u-234 

U-235 

U-238 

9.49 x I d  8.43 x I d  6 . 2 ~  x 

8.912 x 1 d  6.16 x 102 2.164 10-~ 

2.89 x ld 3.18 x 10' 8.874 x lo-'' 

8.91 x 103 6.16 x 1 d  7.870 x 10' 

3.65 x 103 6.53 x I d  1.187 x 10" 

4.19 x 103 

5.34 x 10' 

3.04 x 104 

3.04 x 104 

1.62 x 10' 

6.38 x 10' 

6.38 x 10' 

6.38 x 10' 

3.39 x I d  

1.64 x 10' 

1.43 x 10' 

1.97 x 104 

1.97 x 104 

1.01 x 10' 

1.01 x 10' 

1.01 x 10' 

0151 . .  
~ l E u I s C . l a M A D 3 4 u R l ~  ll:13.m . 

.,.. ? D-343 

1.890 x I d  

6.640 x 10" 

8.916 x lo4 

2.466 

9.926 x lo4 

7.767 x lo4 

2.698 x lo-'* 

4.250.~ 10- l~  

4 



TABLE D3-5 

RETARDATION FACTORS FOR 
INORGANIC COMPOUNDS AT OU1 

Retardation Retardation 
Factor Factor 

Inorganics vadose 1 Vadose 2 

Antimony 1.05 x ld 1.23 x 1 3  

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

chromium 

cobalt 

Copper 

Lead 

Manganese 

Mercury 
Molybdenum 

Nickel 

selenium 

Silver 

Thallium 

Tin 
Vanadium 

zinc 

1.31 x ld 

5.97 x ld 

6.81 x ld 

2.78 x ld 

1.24 x ld 

1.54 x ld 

1.67 x 10' 1.95 x 10' 

2.62 x ld 

7.86 x ld 

2.88 x ld 

6.56 x ld 

1.57 x io4 

7.48 x 10' 

4.32 x ld 

3.70 x ld 

2.16 x 1d 
2.35 x ld 

9.44 x Id 3.09 x ld 

5.34 x 10' 

4.73 x ld 

3.41 x ld 

3.88 x ld 

9.44 x ld 

3.40x ld 

7.86 x ld 

5.24 x ld 

6.25 x 10' 

6.25 x 10' 

2.46 x ld 

9.24 x ld 

5.55 x ld 

4.00x ld 

9.23 x ld 

1.23 x ld 
1.26 x 104 1.23 x ld 

D-3-44., 
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TABLE D 3 d  

RETARDATION FACTORS AND BIODEGRADATION COEFFICIENTS 
FOR ORGANIC COMPOUNDS AT OU1 

organics 
Retardation Retardation Organic 

Factor. Factor Decay constant 
vadose 1 vadose 2 (Day-') 

1,2,3,7,8-€k~ChlOrodiodibenzofuran 

2,3,4,7,8-Pentachlorodiodibenzofuran 
4-Nitroaniline 

4-Niaophenol 

4,4-DDT 

A e -  
An- 

Aroclor- 1248 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthrame 

Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(gJlj)peryl= 
Benzo(k)fluoranthene 

Chry- 
Cyanideb 

DibewW0-e 
Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Heptachlorodibempdioxh 

Heptachlorodibenmfuran 

Hexacblorodibenzo-pdoxh 

Hexachlorodibenzofuran 

Ideno(12*34)pyrene 

Naphthalene 

1.66 x 104 

1.66 x 107- 

NA 

3.04 x loo 

2.10 x 102 

3.89 x 104 

7.03 x 102 

1.41 x 104 

2.68 x 104 

3.24 x 104 

1.oOx 104 

2.40 x 104 

9.33 x 104 

4.27 x 1 6  

1.74 x 1 6  

1.00 x 104 

1.22 x loo 

2.34 x 104 

5.37 x 103 

3.77 x 102 

4.63 x 10' 

2.63 x 1 6  

1.66 x 104 

2.63 x 1 6  

1.66 x 104 

1.15 x 106 

5.87 x 10' 

4.20 x 103 

4.20 x 103 

NA 

1.52 x 10' 

9.85 x 103 

5.39 x 10' 

3.57 x 103 

1.79 x 102 

6.80 x 103 

8.20 x 103 

2.54 x 103 

6.07 x 103 

2.36 x 104 

1.08 x 1 6  

4.40 x 104 

2.54 x 103 

1.11 x 100 

5.93 x 103 

1.92 x loo 

1.36 x 103 

9.63 x 10' 

6.65 x 104 

4.20 x 103 

6.65 x lo4 

4.20 x ld 
2.90x 10s 

1.56 x 10' 

NAB 

NA 

7.07 x 

1.20 x 10" 

1.70 

3.80 x 10" 

NA 

NA 

NA 

2.50 x lo4 

2.50 x ld 
2.80 x 10" 

2.70 10" 

8.0 10-~ 

1.70 x 10" 

9.50 x 10" 

1.80 x 10" 

9.50 x lo4 

3.90 x 10" 

2.90 lo9 

NA 

6.19 x I d  

NA 

NA 

2.40 x 10" 

2.69 x ld 



OOctober 12 1993 

TABLE D3-6 
(Continued) 

organics 

~~ 

Retardation Retardation organic 

vadose 1 vadose 2 (Day-') 
Factor Factor Decay constant 

Octachlorodibemfloxin 2.63 x Id 6.65 x 104 NA 

O C ~ O r o d i b e ~ f l W l  1.66 x lo4 4.20 x 1d 6.19 

Pentachlorophenol 2.56 x Id 6.49 x lC? 4.60 x 104 
phenanthrene 7.29 x lC? 1.85 x lC? 8.70 x lo4 

3.79 x Id 9.60 x 102 9.00 lo5 
1.66 x 104 4.20 x Id NA 

Tetrachloroethene 9.51 x 10' 3.15 x 10' 4.20 x lo4 
Vinyl chloride 1.10 x 10' 1.03 x 10' 2.40x lo4 

'NA denotes not available. 
bCyanide is an inorganic compound but it has an organic decay constant. B 

?BRUWlRNX.l~.WM8-13-93 1l:ll.m D-3-46 0 1 5 4  



TABLE D.3-7 

SCREENING SUMMARY OF POTENTIAL CONSTITUENTS OF CONCERN FOR OPERABLE UNIT 1 

Screen Out Advective Screen Out Decay Screen Out Initial Screen Out Found Constituent a t+ 
Potential Constituent of Concern Travel Time Travel Time Concentration ODAST Output in GW of Concern @ 

I Inorganics QZ 
Antimony X X X 

. Arsenic 

Barium 

Beryllium 

X 

X 

X X 
X X X 

Boron X 
Cadmium 

Chromium 

p Cobalt 

g Copper 
Cyanide 

Lead 

:-.+, Manganese 

',- .' Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

FER\OU 1 RI\DC. I202AD.3-7\08 - 13-934:ZOpm 
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TABLE D.3-7 
(Continued) 

Screen Out Advective Screen Out Decay Screen Out Initial Screen Out Found Constituent 
Potential Constituent of Concern Travel Time Travel Time Concentration ODAST Output in GW of Concern 

Vanadium X 

Zinc X 

OrganiCS 

1,2,3,7,8-Pentachlorodibenzofuran X 

2,3,4,7,8-Pentachlorodibenzofuran X 

2,4,5-TrichlorophenoI 
4,4-DDT X 

4-Ni trophenol 

4-Nitroaniline 

Acenaphthene 

Anthracene 

P 
00 

X 

X 
X 

X 
X 

Aroclor- 122 1 

Aroclor-1248 

Aroclor- 1254 

Y Aroclor- 1260 
-ci ,3 Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(ghi)perylene 

Benzo(ghi)fluoranthene 

FER\OUlRI\DC. I2MAD.3-7\08-13-934:2Opm 
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TABLE D.3-7 
(Continued) 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Dichlorodifluoromethane -. 
Fluoranthene 

Fluorene 

Heptachlorodibenzofuran 

Heptachlorodibenzo-p-dioxin 

Hexachlorodibenzofuran 

Hexachlorodibenzo-pdioxin 

Indeno(l,2,3cd)pyrene 

Naphthalene 

Octachlorodibenzofuran 

Octachlorodibenzo-pdioxin 

Pentachlorophenol 

Phenanthrene 

Pyrene 

X 
X 
X 

X 
X 

~~~ ~~ 

Screen Out Advective Screen Out Decay Screen Out Initial Screen Out .\Found Constituent 
Potential Constituent of Concern Travel Time Travel Time Concentration ODAST output  in'^^ of Concern 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

Tetrachlorodibenzofuran X 

Tetrachloroethene 

Vinyl Chloride 

FER\OUl RI\DC. 1202AD.3-'1\08-13-934:20prn 
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TABLE D.3-7 
(Continued) 

Screen Out Advective Screen Out Decay Screen Out Initial Screen Out Found Constituent 
Potential Constituent of Concern Travel Time Travel Time Concentration ODAST Output in GW of Concern 

Radionuclides 

Cesium- 137 X 

Neptunium-237 X 
X X X Plutonium-238 

Plutonium-239/240 X 
Radium-226 

{*Ruthenium- 106 

Strontium-90 

Technetium-99 

Thorium-230 

Thorium-232 

Uranium-234 

~ranium-235 

Uranium-238 

'Y 

("3 . 

P 
0 

a 
I- 
in 
7 
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TABLE D.3-8 00 
a* 

INPUT PARAMEIXRS AND FORMULAS FOR TRAVEL TIME SCREENING 

Parameter Units Waste Pit 1 Waste Pit 2 Waste Pit 3 Waste Pit 4 Waste Pit 5 Waste Pit 6 Bum Pit Clear well 
Thickness 

. .  Vadose 1 
. Thickness 

Vadose 2 
Total 
Thickness L 
Infiltration 
Rate q 

Infiltration 
Rate q 

V Vadose 1 

v V Vadose 2 
x w Nd Vadose 1 

Nd Vadose 2 
Brenner 
Multiplier M 
Vadose 1 

Multiplier M 
,a fi Brenner 

a Vadose 2 

(ft) 2.00 13.00 0.00 13.00 13.30 15.90 12.90 0.00 

(ft) 24.30 20.00 23.70 21.70 23.00 24.30 21.70 23.70 

(ft) 26.30 33.00 23.70 34.70 36.30 40.20 34.60 23.70 

(idyr) 3.281 6.023 9.828 10.708 16.091 23.466 2.818 10.05 1 

(ftlday) 7.491 x lo4 1.375 x IO3 2.244 x lo3 2.445 x lo3 3.674 x lo3 5.358 x lo3 4.434 x lo3 2.295 x IO3 

'. . 

(ft/day) 2.531 x 10' 4.538 x IO3 7.265 x lo3 7.889 x IO3 1.167 x lo2 1.677 x lo2 2.187 x lo3 7.423 x lo3 

(ftlday) 5.171 x lo3 8.987 x lo3 1.403 x lo3 1.517 x lo3 2.198 x lo2 3.098 x lo2 4.502 x lo-' 1.432 x IO2 

1.638 x 10' 1.690 x lo2 1.262 x IO2 1.061 x 10' 8.038 x lo3 2.84 x lo2 
8.368 x 10' 7.762 x lo' 5.636 x lo3 6.032 x lo3 5.277 x lo3 4.789 x lo3 1.017 x lo2 5.606 x lo3 

0.1 0.4 0.5 0.5 0.5 0.3 

0.5 0.5 0.6 0.6 0.6 0.6 0.5 0.6 

Formulas: 

Nd = D/(V)(L) 
D = 6.458 x lo-' + (0,14)(V)'." 

FER\OU I RI\DC. I202AD .3-8\08- 13-934: 2Opm 



TABLE D.3-9 

TOXICITY SCREENING FOR CON!TITWENT!3 THAT PASSED TRAVEL TIME SCREENING 

Constituent 

Leachate B Conecntrations 

Maximum Screening Screen 
out Bum Pit Clearwell Waste Waste Waste Waste Waste Waete 

Pit 1 Pit 2 Pit 3 Pit 4 Pit 5 Pit 6 Concentration Level 

Radionuclides' 
~ _ _  

Neptunium-237 3.00 x 106 I .1 x IO" 1.45 x 109 5.00 x 10' 1.06 x 10' 1.50 x 109 4.51 x l(r 4.51 x l(r 3.40 x 1v No 

Strontium-90 2.84 x 10'' 3.14 x 10" 8.30 x 10'' 7.31 x 10" 2.90 x 10"' 7.00 x 10" 1.67 x 10" 1.06 x 10" 2.90 x 10" 1.10 x IO#' No 

Technetium-99 2.18 x I 0 6  5.33 x 106 2.06 x 10' 2.07 x 10' 1.88 X 10' 1.61 x 1v 1.47 x 106 2.36 x 1 v  2.36 x 10'' 2.40 x 10' No 

Uranium-234 5.75 x IU' 1.74 x 10'' 2.57 x 10'' 2.38 x 10' 6.79 X 10' 1.38 x 10' 1.46 x 10'' 3.07 x 10" 2.38 x 10' 5.3 x IOJ No 

Uranium-235 1.24 x 10' 3.68 x 10' 3.67 x 10' 12.7 8.9 x 10.' 4.62 x 10' 3.04 x 10' 5.6 x 10' 12.58 1.5Ex 1v No 

Uranium238 1 I .93 3.73 7.42 1.28 x 10.' 1.2 1.5 2.95 18.6 18.6 5 . 6 ~  IO4 No 

I n O r g a n i e s '  

Antimony 3.23 x 10' 5.71 x IO1 6.56 x 10' 9.56 x 10' 1.58 x 10' 1.03 x 10' 7.00 x 10" 9.56 x 10' 1.5 x 1O' No 

Barium 1.92 x I@ 1.56 x 10' 2.61 x 10' 4.41 X 10' 6.28 X 10' 1.96 x 1 6  3.50 x 10' 1.35 x 10' 1.96 x 1(P 2.60 x 10' No 

Boron 1.23 x I6 2.82 x 1 6  5.48 x 16 2.93 x 16 2.12 x 1 6  5.48 x 16 3 . 3 0 ~  1 6  No 

Cadmium 4 . 1 4 ~  10' 2 . 7 9 ~  10' 3.11 x IO' 1 . 1 8 ~  10' 9.40X 10' 9 . 5 0 ~  1v 1 . 9 7 ~  10' 9 . 5 0 ~  lv 3.11 x 10' 1 . 8 0 ~  10' No 

Copper 8.32 x 10' 1.45 x 10' 7.82 x 10' 6.43 x 10' 9.48 x 10' 6.00 x 10' 1.18 x 10' 1.90 x 10' 9.48 x 10' 1.4 x IO' No 

Cyanide 5.44 x 10' 3.16 x 10' I .27 x 16 2.65 x 10' 8.64 x 10' 2.90 x 10' 3.60 x I 6  8.70 x 10' 3.60 x I 6  1.80 x 10' No 

Lead 4.80 x 10' 1.83 x 10' I .61 x 1 6  2.00 x IO' 1.77 x 10' 6.91 x 10' 1.13 x 10' 5.50 x lW 1.61 x lCP 1.50 x 10' No 

Manganese 7.71 x 10' 3.93 x 10' I .97 x 10' 5.98 x 10' 2.41 x 16 2.01 x 16 2.98 x 10' 2.00 x 10' 2.41 x ICP 1 . 8 0 ~  IO' No 

Mercury 1.80 x 10" 9.80 x 10" 2.16 x 10" 8.80 x 109 2.18 x 10' 5.00 x 10' 2.40 x 10' 1 . 0 0 ~  10" 2.18 x 10' 1.10 x 10' No 

Molybdenum 3.61 x 10' 1.57 x I 6  1.57 x 1 6  6.29 x 10' 1.50 x 1 6  1.05 x 1 6  5.28 x lb 1.50 x 16 1.80 x 10' No 

Org&UliCS' 

5.00 x I@ 1.1Ox IO' No Cnitrosniline 5.00 x IO' 
Aroclor-1221 2.50 x I6 
Dichlorofluoromethane 2.00 x Id 

(3 Tetrachloroethene 4.10 x 10' 1.40 x 16 

'i- 
a 'initial concentration in parts per million bpm). 

bInitial concentration in partcr per billion (ppb). 

6.00 x I 6  2.00 x 16 

2.50 x I6 1.00 x IO' No 

2 . 0 0 ~  I@ 3 . 9 0 ~  10' No 

1.40x I@ 1.30 x IO' No 

I 
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TABLE D3-10 

CONSTITUENTS DETECTED IN WELLS 2019,2021,2027, AND 2648 

constituent constituent constituent 

1,l -DicNoroethane 

Alkalinity at C a m 3  

Aluminum 

Antimony 

Ammonia, as nitrogen 

Arsenic 
BariUm 

Barium, (Dissd.) 

Calcium 

calcium, @issd.) 

Chloride . 

Chromium, Total 

Copper 

Copper. (Dia.1 
Fluoride 

GROSS ALFWA 

GROSS BETA 

Iron 

Iron, (Dissd.) 

Lead 

MagnesilUIl 

Magnesium, @issd.) 

Manganese 

Manganese, (Dissd.) 
Molybdenum 

NP-237 

Nickel 

Nickel, (Dissd.) Nitrogen, Nitrate 

Nitrogen, Nitrate+Nitrite 
PU-238 

PH 

Potassium, (Dissd.) 

RA-226 

RA-228 

Phosphorus, Total Potassium 

Selenium 

Sodium 

sodium, (Did.) 

Specific conductance 

Sulfate 

TC-99 

TH-228 

TH-230 

TOC 

Total dissolved solids 

u-234 

U-235/236 

U-238 

U-TOTAL 
Vanadium 

zinc 

zinc, (Dissd.) 

0.1 6 1 
D-3-53 



TABLE D.3-11 
BACKGROUND SCREENING FOR CONSTITUENTS FOUND IN THE GREAT MIAMI AQUIFER 

AND POTENTIAL TRAVEL TO FENCELINE 

Maximum Background Background Reach Groundwater 
Retardation Fenceline? Model Calibration Above Constituent Concentration Concentration Concentration 

Required? Background? Factor (R) CRcrit, R)b (mg/l or pCi/l) (mgll or pCi/l) Basis' 

Inorganics mglP mg/t 

Antimony 

Arsenic 

Barium 

Chromium 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Silver 

Zinc 

0.175 

0.582 

0.65 1 

0.066 

0.176 

0.058 

2.072 

0.03 1 

0.064 

0.005 

0.0015 

0.3 19 

0.006 

0.05 

0.18 

0.1 

0.27 

0.015 

0.736 

0.04 

0.1 

0.006 

0.1 

0.735 

MCL 

MCL 

UCL 

MCL 

UTL 

MCL 

UCL 

UTL 

MCL 

UTL 

MCL 

UCL 

YeS 

YeS 

YeS 

No 

No 

YeS 

YeS 

No 

No 

No 

No 

No 

1230 No No 

278 No No 

124 Yes Yes 

No 

No 

235 No No 

309 No No 

No 

No 

No 

No 

No 
~ 

Radionuclides pCi/P pCi1P 

Plutonium-238 0.133 1 .o UTL' No 616 No No 

Radi um-226 1.78 8.5 . UTL' No 653 No No 

Strontium-90 0.73 1 5 UTL' No 16.4 YeS Yes 

Technetium-99 6860 36 UTL' YeS 1.43 Yes Yes 

e 
CB I 
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TABLE D.3-11 
(Continued) 

Maximum Background Background Reach Groundwater 
Retardation Fenceline? Model Calibration Above Constituent Concentration Concentration Concentration 

Required? Background? Factor (R) (Rcrit, R,b (mgll or pCi/l) (mgll or pcill) Basis' 

Radionuclides Pci/e pci/t 

Thorium-230 1.04 3.44 UTL' No 19,700 No 
Uranium-234 1.99 4.2 UTL" YeS 10.1 YeS 

Uranium-235 0.5955 1 .o UTL' No IO. 1 YeS 

Uranium-238 6.34 4.4 U W  YeS IO. 1 YeS 

No 
YeS 

YeS 

YeS 

MCL - Maximum Contaminant Level; UTL - Upper Tolerance Level based on background sampling; UCL - Upper Confidence Limit based 
on background sampling. 
Rcrit = 155 
Background concentrations for radionuclides from Table 9 of the Churucterizuh'on of Background Warer Quulity for Streams and Groundwater 
(Draft) (DOE May 1993~). Due to the draft nature of the values, the are not used to screen out constituents. UTL was set equal to the 
maximum detected value or maximum sample quantitation limit, whichever is larger. 



TABLE D.3-12 

CONSTITUENTS OF CONCERN SUMMARY LIST 
~ 

Requires Requires 
SWIFT SWIFT Model 

Modeling Calibration 

Found in Reported 
Potential Constituent Loading passed Natural Groundwater Above Reaches Maximum 

Background Fence1 inec Aquifer of Concern Case' Migration 
Screeningb Concentrationb Concentration'sd 

Radionuclides 

Neptunium-237 Case 2 

Plutonium-238 Case 3 

Radium-226 Case 3 

~ Strontium-90 Case 1 

-X Technetium-99 Case 4 
- 

X 

X 
X 

Thorium-230 Case 3 

Uranium-234 Case 1 X 
Uranium-235 Case 1 X 
Uranium-238 Case 1 X 

X 
0.133 pCi/P X No 

X No 1.78 pCilP 

X Yes 0.731 pCi/P X X 
X Yes 6,860 pCilP X X 

X YeS 7.99 pCi/P X X 
X YeS 0.5955 pCilP X X 
X YeS 6.34 pCilP X X 

X No 1.04 pCilP 

Inorganics 

Antimony Case 2 

Arsenic Case 3 

Barium Case 2 

Boron Case 1 X 
Cyanide Case 2 X 
Lead Case 2 

Manganese Case 2 

X No 0.175mglP 

X No 0.582mglP 

X Yes 0.65 1 mglP X x -**' 

X 
X 

X No 0.058 mg/P 

X No 2.072 mg/P 



TABLE D.3-12 
(Continued) 

Found in Reported Requires Requires. 

Modeling Calibration 
SWIFT SWIFT Model Potential Constituent Loading P ~ ~ ~ ~ d  Groundwater Above Reaches Maximum 

of Concern Background Fencelinee Aquifer 
case' Screeningb Concentrationb ConcentrationESd 

Molybdenum Case 1 X X 

OrganiCS - 
A r d o r -  122 1 Case 2 X X 

Dichlorodifluoro- Case 4 X 
methane 
Tetrachloroethene Case 4 X 

Vinyl Chloride Case 4 X 

X 

X 
X 

See Figure D.3-3 for loading case designation. 
See Figure D.3-13 for overall screening approach. 
See Figure D.3-2 for screening approach. 
If reported maximum aquifer concentration doesn't reach fenceline, then it represents the maximum on-site concentration used in the baseline 
risk assessment. 
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TABLE D3-13 

PROJECTED MAXIMUM PERCHED WATER CONCENTRATIONS # 7 
Leachate B or Organic Leachate Concentration 

Bum Pit Maximum constituent Pit 4 Pit 5 Pit 6 

Inorganics @pm) 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

cobalt 

Copper 

Cyanide 

Lead 
Manganese 

Mercury 
Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Tin 
VanadiUm 

Zinc 

0.956 

0.0025 

0.041 

7.12 x le 

2.93 

0.118 

0.0406 

0.338 

0.643 

0.0265 

0.002 

5.98 lo3 
8.8 x lo4 

0.629 

2.13 

0.0025 

0.0041 

0.01 

0.2 

0.929 

0.0145 

0.1577 

0.00928 

0.628 

0.0198 

NA 

0.0094 

0.0243 

0.0748 

0.9478 

8.64 x 

0.0177 

2.4135 

0.0218 

1.15 x I d  

0.3025 

0.0021 

3.35 

5.5 x lo4 

8.29 

1.4388 

0.3338 

NA 

0.6316 

1.9559 

0.0204 

N A  

,5 x lo4 

2.2 

4.75 x 

0.006 

NA 

0.6914 

2.008 

NA 

NA 

0.165 

NA 

0.0667 

0.7535 

1.3 

0.007 

1.7918 

0.103 

0.0494 

0.035 

8.22 io4 

2.12 

0.0197 

0.129 

0.0377 

0.118 

3.6 

0.01 13 

0.0298 

2.4 x loa 

1 .os 
0.299 

0.0038 

2.06 10-~ 

O.OOO2 

NA 

0.0743 

0.01 1 

0.956 

0.6316 

1.9559 

0.0204 

2.93 

0.1 18 

0.129 

0.338 

0.9478 

3.6 

0.6914 

0.021 8 

1.15 x I d  

2.13 

0.0038 

0.0667 

0.7535 

8.29 

1.4388 

1.7918 

Radionuclides @pm) 

Cesium- 137 NA 1.04 x lo-' 8.6 x lo-'' NA 1.04 x lo4 

Neptunium-237 1.45 109 5.0 lo-' 1.06 lo5 2.1 10-9 1.06 10-~ 

Plutoni~m-238 2.86 x lo-'' 2.8 x 1.1 x lo-" 2.86 x lo-'' 2.86 x lo-'' 

Pl~t0ni~m-239/240 1.01 x lo-'' 8 x 10"' 8 x lo-'' 9.1 x lo-" 8 x lo-'' 

Radium-226 9.4 10" NA 5.0 x lo-" 7.33 x ly;l 67633 x lo4 
- * ;:&,.2 
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FEMP-OlRI4 DRAPT 
October 12.1993 

FEMP-OlRI4 DRAFI' 
October 12,1993 

TABLE D3-13 
(Continued) 

Leachate B or Organic Leac&te Concentration 

constituent Pit 4 Pit5 Pit 6 Bum Pit Maximum 

Rutknium- 106 

StrontiUm-90 

Technetium-99 

Thorium-230 

Thorium-232 

Thorium - Total 

uranium-234 

Uranium-235 

Uranium-238 

Urani~m-T~tal 

NA 

7.31 10-l~ 

2.07 lo5 
2.1 x 10" 

2.1 x 10" 

2.1 x 104 

0.0238 

12.78 

1280 

500 

1.27 x l(r" 

2.9 x 10'" 

1.88 io9 
5.14 x lo4 

4.6 x 1 6  

NA 

6.79 io5 
0.0089 

1.2 

NA 

NA 

7.0 x 

1.612 x 1 6  

1.5 x l f l  

4.6 x 1 6  

NA 

1.377 

4.62 lo9 

1.4% 

NA 

NA 

1.77 x 10'" 

1.47 x 10" 

NA 

NA 

2.12 

1.45 x 10" 

0.0301 

2.95 

2.87 

1.27 x lo-" 

2.9 x lo-'' 

1.612 x 10" 

1.5 x 10" 

2.12 x 
4.6 x 10" 

0.0238 

12.78 

1.280 

500 

12.3.7.8- 
PtXUXhlOIUdibenZOfWaXl 

2.3.4.7.8- 
P ~ o ~ b e n Z O f W a X l  

2.4.5-Tri~hl0rOphenol 

4.4-DDT 

4-Nimaniline 

4-Nitrophenol 

Ancenaphthene 

An- 

Aroclor-1221 

Aroclor- 1248 

Aroclor- 1254 

Aroclor- 1 260 

Benzo(a)anthracene 

Benzo(a)pwne 

Benzo(b)fluoranthene 

Benzo(ghi)peryl- 

1 lo3 

1.1 10" 

NA 

NA 

NA 

10 

12 

17 

NA 

50 

100 

NA 

10 

10 

10 

10 

I;EINIcIlRNlc.1aDzAD31NIcl3-93 l l 2 l u . m  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.5 

1 

NA 

NA 

NA 

NA 

NA 

D-3-59 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.5 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

40 

40 

NA 

NA 

10 

NA 

40 

40 

40 

40 

1 

1 

NA 

NA 

NA 

10 

40 

40 

NA 

50 

100 

NA 

40 

40 

40 

40 

. .  



FEMP-OlRI-4 DRA€T 
October 12,1993 

FEMp-OlRI-4 DRNT 
Cktoba 12.1593 

TABLE D3-13 
(Continued) 

Leachate B or Organic Leachate Concentratim 

constituent Pi t4  pit5 Pit 6 Bum Pit Maximum 

Benzo(ghi)fluoranthene 

Benzo@)fluoranthene 

Chry- 

Diben=N@Whl-== 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

NA NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

40 

40 

NA 

NA 

40 

40 

NA 

7.2 x lo4 

NA 

40 

40 

10 

NA 

40 

40 

2 10" 

9.4 x lo4 - 

10 

10 

10 

NA 

2 

9 

2.4 10" 

9.4 x lo4 

Heptachlorodibenzofuran 

HeptachlorOdibenz0-p 
dioxin 

1.2 10" 

7.5 10" 

1.2 

7.5 x lo4 

NA 

NA 

NA 

NA 

NA 

NA 

10 

16 

9 x l O "  

1.2 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

40 

12 

1.1 x 10-~  

1.8 1 0 - ~  

40 

16 

1.i x 

1.8 

Pentachlorophenol 

Phenanthrene 

pyrene 
Tetrachlorodibenzofuran 

Tetrachloroethene 

Vinyl Chloride 

NA 

10 

10 

5.3 103 

140 

6 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

6 

NA 

200 

40 

40 

NA 

2 

1 *Ooo 

200 

40 

40 

5.3 io9 
140 

1 *OOo 

NP=Notpresent 
NA = Not detected in pit materials or analysis results not available 

FERWllRNX.1102ADJlM13-93 ll2lan D-3-60 



FEMP-01N4 DRAJT 
October l2.1993 

FF.MP-OlRI4 DRAIT 
October 12,1993 

TABLE D3-14 

SUMMARY OF LOADING TIMES AND CONCENTRATIONS FOR 
CONSTITUENTS OF CONCERN 

MaximUm Maximum 
hading Rates hading 
to the Aquifer Concentration 

(mg/day) (mg/O 

Time of MinimumTime Maximum 

h a d i n g  Constituents of Concern the co 
ncentraton 
(Years) 

Vadose Zone Pathway Waste Area Source 

Radionuclides 

of Arrival to 

Np237 440 980- 1 ,ooO 1.135 x 1.231 x lo-' 

Sr-90 100 180-200 8.2 x lo4 8.971 x lo-" 

Tc-99 5 10-15 3.786 x lo-' 4.110 x lo4 

u-234 10 620-630 5.8684 x I d  1.381 x 19'* 

U-235 10 620-630 3.88549 x l$ 9.205 x 1 d  

U-238 10 620-630 5.18150 x 1 6  1.228 x I d  

Inorganics 
Boron 90 350-360 3.1 x Id 7.330 x loo 

cyanide 5 10-15 7.94 x 1 0  1.870 x lU2 
Molybdenum 620 980-1,ooO 3.60x lo-' 2.710 x 

Aroclor-1221 680 980- 1 ,ooO 1.26 x loo 9.821 x 
D i c h l o n n i i f l u o m ~  15 3540 2.20 x lo-' 1.731 x 

Teuachloroethene 40 80-85 9.81 x 10" 1.051 x lo6 
Vinyl chloride 5 20-25 2.442 x 10' 1.03 x 10" 

Perched Groundwater Source 

Radionuclides 
Tc-99 10 20-30 24 x 10" 5.67 x lo4 

OQiUliCS 

u-234 400 530-540 1.65 x 10" 3.91 io-' 
U-235 400 530-540 0.11 2.59 io4 
U-238 400 530-540 14.62 3.45 x 

Inorganics 
h n i C  >l,OOO 

*Model simulation time = 0 is 1953 for the waste area source and time = 0 is 1993 for perched 
groundwater some. 



FEMP-OlRI-4 D W  
October 12. 1993 

FEMp-OlRI-4 D W  
October12.1993 - 

TABLE D3-15 

SOURCE AREAS FOR OPERABLE UNIT 1 AQUIFER MODEL 6l 7 
Area Number of 

Location Cells for 
<m2) <& Modeled A m  

Pit 1 7,682 82.69 1 5 

Pit 2 4.172 44.901 3 

Pit 3 22,422 241,347 15 

Pit 4 

Pit 5 
Pit 6 
Bum Pit 

aeanva 

F E R w 1 ~ 1 z o u D 3 1 N & 1 3 - 9 3  1131.m 

7.785 83,799 5 

14,%5 161,077 10 

3.01 1 32,410 2 

2.019 21,732 1 

2.737 29.46 1 2 

0170  
D-3-62 



TABLE D3-16 

October l2.1993 
FEMP-OlRI4 D m  

October 12 1993 

DISTRIBUTION COEFFICIENTS AND DECAY FACTORS FOR COMPOUNDS 
MODELED BY SWIFI' 

Distribution Coefficient m y  meum (n) 
Parameters (Kd) (mug) Why) 

h&oau&ds 
Np237 5.00 8.874~ 

2.50 6.640 x lo-' Sr-90 
Tc-99 0.07 ' 8.916 x lo4 

u-234 1.48 7.767 x 

2.698 x U-235 1.48 
U-238 1.48 4.250 x 

Inorganics 
Arsenic 45 NA 

Barium 
Born 

cyanide 

Lead 

20 NA 

3 NA 

0.019 

38 

NA 

NA 
Molybdenum 10 NA 

Organics 

Aroclor-1221 12.7 NA 

Dichlorodifluoromethane 0.15 9.50 x lo4 

Tetrachloroethene 0.35 4.20 x lo4 

Vinyl chloride 0.004 1 2.40 x lo4 

. .  



October 12.1993 
FEMP-olRI4 DRAPT 

October 12.1993 

TABLE D3-17 

SUMMARY OF CONSTITUENTS OF CONCERN 
PREDICTED MAXIMUM CONCENTRATIONS IN GROUNDWATER 

Constituents of Concern Time (yrslb Maximum Concentmion 
in the Aauife? 

SWIFT Modeled Constituents 

Waste Area souroe 

Radionuclides 

Np237 lo00 1.634 x 19" 
- 

Sr-90 200 1.368 x 10'l2 

Tc-99 20 1.935 x 10" 
u-234 630 1.414 x 10" 

U-235 630 9.460 x 10-2 
U-238 630 1.2475 x 10' 
Inorganics 

BariUlll : lo00 8.975 x lo-' 
Boron 360 7.8% x 
Cyanide 15 3.762 x 10' 
Molybdenum lo00 4.93 lo5 . 

Or€?aniCS 

Aroclor- 122 1 2.690 10" 
Dichlorcxiifluommethane 40 5.400 x 10" 

Vinyl Cbloride 25 1.459 10-3 
TetrachloFoethene 80 6.276 x 

Perched Groundwater Source 

Radionuclides 

Tc-99 20 9.35 x 10% 
u-234 540 1.71 x lo' 
U-235 540 1.148 x 10" 
U-238 540 1.514 x 

Inorganics 

Arsenic >l,o00 

D-3-64 0172  

'. , . 
h 



TABLE D3-17 
(Continued) 

FEMp-olRI4 DRAPT 
October 12. 1993 

FEMPOlRI-4 DRAFT 
October 12 1993 

Constituents of Concern Time (yrslb Maximum Concentration 
in the Aquifef 

Non-Modeled Constituents 

Waste Area source 

Radionuclides 
Pu-238 40 0.133 pCi/t 

Ra-226 40 1.78 pCi/t 
Th-230 40 1.04 pCi/4 

Inorganics 
Antimony 40 0.175 
Arsenic 40 0.582 
Lead 40 0.058 
Manganese 40 2.072 

* AllW 'om in milligrams per liter @pm) 
M o d e l z o n  time = 0 is 1953 for waste area source and time = 0 is 1993 for pexhed groundwater 
source. 

D-345 
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October 12.1993 
FEh4P-OlRI4 DRAFI' 

October 12,. 1993 

TABLE D3-18 

MAXIMUM CONCENTRATIONS OF COCs IN GROUNDWATER 

Constituents of Concern Concentration (mglp) 
waste  reo source at 630 yeart+ 
Radionuclides 
Np237' 1.65 x lo-'' 

TC-W 9.856 x 
u-234 1.413 x lo4 

U-238 1.2475 x lo* 
Inorganics 
Barillm 7.451 x 10-' 

cyanide 4.219 x lo4 - 

Sr-908 3.342 10-l~ 

U-235 9.464 x 10-2 

Boron 3.077 x 10-2 

Molybdenum 0.00 
Organics 
Mor-1221  0.00 
Dichlomdifluoromehane 7.375 x 10-12 
Tetrachlomethene 6.305 x lo-'' 
Vinyl chloride 0.00 
Perched Groundwater Source at 540 Year& 
Radionuclides 
TC-99 4.98 x lo-" 

U-235 1.148 x lo4 
U-238 1.514 x 
Inorganics 
Arsenic 0.00 

u-234 1.71 10-~ 

*Maximum on-site risk within OU1 occurs at coordinates N 481.883, E 1,379,047. 
bModel simulation time = 0 is 1953. 
Won-modeled constimtmts on Table D.3-17 are also assumed to be present at 630 years. 
dMaximum on-site risk within OU1 occurs at coordinates N 481.976. E 1,378,706. 
%ode1 simulation time = 0 is 1993. 

D-3-66 0174 



TABLE D3-19 

MAXIMUM CONCENTRATIONS OF COCs AT THE FENCELINE 

FEMP-OlRI-4 DRAFT 
October 12,1993 

FEMP-OlRI4 DRAFT 
October 12 1993 

Constituuents of Concern 

waste Sourceat 680year$Lb 
Radionuclides 
Np237 1.957 x 
Sr-90 4.014 x 
Tc-99 1.865 
u-234 9.979 x 106 
U-235 6.689 x lU3 
U-238 8.808 x 10-' 

BariUUl 2.633 x lod 

cyanide 1.243 x 10-8 

Inorganics 

Boron 6.766 1u3 

Molybdenum 0.00 
Organics 
Aroclor- 122 1 0.00 
Dichlomdifiuommethane 1.104 x 10-l~ 
Tetrachl0merhe.m 0.00 
Vinyl Chloride 0.00 
Perched Groundwater Source! at 690 YearsCc 
Radionuclides 
u-234 1.60 x 10-8 
U-235 1.098 
U-238 1.448 10-3 
T C - 9 9  3.81 x 10-*' 
Inorganics 
Arsenic 0.00 

*Maxim~m off-site risk  occur^ at c00rdinate~ N 480244, E 1,383,458. 

CMaxim~m off-site risk OCCU~S at c00rdinateS N 480,524, E 1,383,441. 
h o d e l  simulation time = 0 is 1953. 

dModel simulation time = 0 is 1993. 

D-3-67 

7 



FEMP-olRU DRAPT 
October 12,1993 

FEMp-OlRI4 DRAFT 
October 12 1993 

. .  . .  TABLE D3-20 

SUMMARY OF CONSTITUENTS OF CONCERN 
PREDICTED MAXIMUM CONCENTRATIONS IN GROUNDWATER 

SURFACE WATER PATHWAY 

Time Maximum Concentration 
Constituents of Concern W)' in the AquifeP 

Radionuclidd 

u-234 

U-238 

Inweanics 

10 3.0137 x lo4 
10 2.660 x 104 

Arsenic 210 7.1% x loa 

'Model simulation time = 0 is 1993. 
bAll Concentratl '011s in milligrams per liter @pm). 
cMaXimum risk occurs at coordinates N 481,311, E 1,377,790 I. i 

. .  

D-3-68 
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pEMP-OlIU4 DRAPT 
October l2.1993 

FEMp-OllU4 D M  
October 12.1993 

47 TABLE D3-21 

EFFECT OF CHANGES IN HYDRAULIC CONDUCTIVITY OF THE TILL LAYER 
ON SEEPAGE RATE 

Run No. 
Hydraulic conductivity of Ti Seepage Velocity 

(an/sec) (WV) 
9.3 10-5 m o m )  

9.3 x l@ 

9.3 IO-' 
9.3 x 10-8 
9.3 x 10-9 

10.92 

10.92 
10.37 

2.19 
0.22 

D-3-69 



FEMP-01RI-4 DRAFTT 
October 12. 1993 

FEMP-OlRI4 DRAFT 
Cktok 12.1993 

TABLE D3-22 

EFFECT OF VARYING HYDRAULIC CONDUcTIyllTIEs ON SEEPAGE VELOCITY 4 
Seepage Velocity 

Run No, Hydraulic Conductivity of Layers (-1 
1 Nominal values 3.28 

2 10 x Nominal values 11.01 

3 Nominal valued10 0.331 

D-3-70 



TABLE D3-23 

SWIFI' CONTAMINANT TRANSPORT SENSITWITY RUNS 
USING WASTE PIT 1 SOURCE 

FEMp-olRI4 DRAFI' 
October 12.1993 

FEMF'-OlRI4 DRAIT 
October 12 1993 

Input or Result RunNo. 1 Run No. 2 

Kd. mvg 
K,. ft/day 

aL. ft 

aT. ft 

K,. 

Maximum Conc..ppb 

Time of ocumence of 
maximum, year 

Approximate area of 1 ppb 
comur, acre 

1.4 

700 

70 

200 

20 

57.6 

620 

1500 

32 

200 

20 

50 

5 

555 

loooB 

25 

"he run was terminated at 1,ooO years at which time the concentrations were still increasing. 
Consequently. the actual time of occunence of the maximum would be after 1,OOO years. 

D-3-71 



OPERABLE UNIT 1 
WASTE AREA - VADOSE ZONE TO GROUNDWATER PATHWAY 

1 DEFINITION OF POTENTIAL 
CONSTITUENTS OF CONCERN 

" i 
SOURCE TERM DEVELOPMENT 

FOR POTENTIAL CONSTITUENTS 
OF CONCERN FROM WASTE AREAS 

AND PERCHED GROUNDWATER 

SCREENING OF POTENTIAL 
CONSTITUENTS OF CONCERN 

DEFINITION OF CONSTITUENTS 
OF CONCERN FOR 

VADOSE ZONE PATHWAY 1 

CONCEPTUAL 
FLOW MODEL 

ANALYTICAL MODELING 
TO DETERMINE THE 

MOVEMENT OF CONSTITUENTS 
THROUGH THE VADOSE ZONE 

NUMERICAL MODELING 
TO ESTIMATE THE 

MOVEMENT OF CONSTITUENTS 
THROUGH THE 

GREAT MIAMI AQUIFER 

RECEPTOR CONCENTRATIONS 

FIGURE 0.3-1. VADOSE ZONE PATHWAY TRANSPORT MODELING DIAGRAM 
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PRE-MODELNG POTENTIAL 
CONSTITUENT OF CONCERN 

W A S 1  MOOEL: 
DECAY 
ATTENUATION 

c 

L0K)NG TO 1 
SWIFT MODEL: 

-VMOSE ZONE / 

-DIRECT LEAK 
0 

W A S 7  

SURFACE WATER 

*PERCHED WATER 

I 

CONSTITUENT 
OF CONCERN 

REPORT: 
-CURRENT WAX. 

*NO W A C 1  ON 

REPORT: 
#&%.AT SOURCE AT SOURCE 
MAX. AT FENCE LNE 

FENCE LNE 

FIGURE 0.3-2. APPROACH FOR SCREENING AND INCORPORATION 
. : OF MONITORING DATA INTO THE MODELING PROCESS 

. ,  
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CASE 1 
I T < Y M O Y R  

LOMHG 
TO GUA 

CASE 2 

CASE 3 

LOMNC 
TO GMA 

WECT LEAK 

1 > moo YR 

0 10 40 moo TUE tYR) 

CASE 4 

I I -  

0 (0 40 loo0 T a Q  1YR) 

I 
CASE 5 LEGEND: 

GMA - Greol WidAquler  

f - Trwellhm I 
TO GMA I C - Consliluent Concmlrolion 

- HozQd Owlbnl Crilerb 
for Non-Cachoaem 

~~ ~~ ~~ ~~~~~ 

FIGURE 0.3-3. CASES FOR LOADING CONSTITUENTS 
TO THE GREAT MIAMI AQUIFER 0182 
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-OPERABLE UNIT 1 

SURFACE RUNOFF 
TO PADDYS RUN 

PADDYS RUN CREEK - 

PERCHED GROUNDWATER 
PRESENT IN SAND STRINGERS 

- 
GLACIAL 
SAND AND 

{ I USAND AND GRAVEL OUTWASH 0 
..LLL 

\ - I I  
54. 

2 SAND AND GRAVEL OUTWASH 
UPPER GREAT MIAMI 
AQUiFER FLOW- 1 

UNDIFFERENTIATED 
OVERBURDEN WITH 
GRAVEL STRINGERS 

'CIL 

SWIFT LAYER 1 and 2 

.FEMP 
BOUNDARY 

- OFF SITE 
RECEPT( 
WFI  I - 3R 

SWIFT LAYER 4 and 5 

GREAT MIAMI 
AQUIFER FLOW - SAND AND GRAVEL OUTWASH 

l l 1 l l r l l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~  

NOTES: 
1. SOURCE RVFS REPORT. 

2-93. FIGURE 5-6.  

LEGEND: 
SHALE WITH INTERBEDDED CLAY 
LIMESTONE SAND 

SAND & 
GLACIAL OVERBURDEN 0 GRAVEL 

FIGURE 0.3-4. CONCEPTUAL MODEL OF CONTAMINANT TRANSPORT BY GROUNDWATER AT THE FEMP 
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FIGURE 0 .3 -6 .  CONCEPTUAL DIAGRAM OF OPERABLE UNIT 1 - PIT 1 AND THE CLEARWELL 
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- 530 
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m 
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Q 
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FIGURE 0.3-7. CONCEPTUAL DIAGRAM OF OPERABLE UNIT 1 - PIT 2 
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FIGURE 0.3-17. PROJECTED CONCENTRATION OF TOTAL URANIUM IN GROUNDWATER 
BENEATH FEMP AFTER 1000 YEARS DUE TO LOADING FROM OPERABLE 
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FIGURE 0.3-20. PROJECTED CONCENTRATION OF CYANIDE IN GROUNDWATER 
BENEATH FEMP AFTER 1000 YEARS DUE TO LOADING FROM 
OPERABLE UNIT 1 WASTE AREAS 
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ESTIMATION OF RADION EMISSION F'LW 
RAECOM MODEL 

p- 

The emission flux of radon gas (radon-222) was modeled using the computer model RAECOM (NRC 
1984). RAECOM is a radon generation and transport code that was originally designed to analyze 
radon generation and emanation through uranium mill tailings waste and earthen cover materials. 

RAECOM is used m RI and FS risk assessments to analyze radon generation and emanation through 
media including waste materials at the FEMP and cover materials such as soil, clay, and concrete. 
Media-specific parameter values are used. It is acknowledged that the use of a model for scenarios 
that are different from those for which it was origmally designed introduces uncertainty in the results. 
Thus, the results will be used in operable unit RI and FS risk assessments with an appropriate level of 
caution. 

RAECOM requires input of the thickness of each source material and cover material layer, the source 
strength expressed either as radium-226 concentration in the waste material or as radon flux exiting the - 
surface of the waste material layer, and the porosity. moisture content, and radon gas diffusion 
coefficient for each s o m e  and cover material layer. The radon flux results are useful for comparison 
to radon flux criteria or for use in an air dispersion model. 

W C O M  calculates the radon flux exiting the surface of the upper layer of cover material. The code 
is based on a onedimensional, multilayer solution of Fick's law using the boundary conditions set 
forth in NUREG/CR-3533 (NRC 1984). For a bare source, this solution becomes: 

where 

J, = Radon flux from the source materials surface @Ci/m*-sec) 
R Specific activity of radium in the source materials (pCi/g) 
pt = Dry bulk density of source material @,/an3) 
E = Radon emanation coefficient (unitless) 
DC, = Radon diffusion coefficient in the total tailings pore space (cm2/sec) 
h. = Radiological decay constant of radon (2.1 x lo") sa-') 
x, = Thicknessof tailings (cm) 

= 

In this air mprt analysis, emission flux data was required for Waste Pit areas having no soil cover 
in the future scenario. This included Waste Pits 3.5, and 6. As a result, equation (1) was used to 
calculate the emission flux for each Waste Pit. The specific activity of radium-226 for each Waste Pit 
was obtained from the soils contaminant database. A calculation work sheet, showing the de,nvation 
of each Waste Pit's emission flux, is included with this appendix. 
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RAECOM calculates- the radon flux exiting the surface of the upper layer or cover material. For a 
bare source with no cover mated, the radon flux equation becomes: 

J,=U O')(R)(p3(E)@)01 "(tank[w(mv23 @-a 3 

where 4 

J, = radonflux@Ci/m2-~) 
R = radimactivity 

Waste Pit 3 - 310 pCi/g 
Waste Pit 5 - 110 pCi& = 8/3/93 
Waste Pit 6 - 4.4 pCVg 

PI = dry bulk density wan3) = 1.6 g/cm3 assumed 
E = radon emanation coefficient (unitless) = 0.22 
k 
DC, = radon diffusion coefficient (cm2/sec) 
X, 

= radiological decay consent of radon = 2.1 x 10-6 sec" 

= thickness of tailings (cm) assumed as 100 cm for each Waste Pit 

DC, must be calculated from the following equation: 

where 

M = fractionofsaturation 

M can be determined from the following equation and p = porosity - assumed at 0.41: 

M = [0.124@)~-0.0012(.04 + 0.156 (Fa) 

where 

p = annualprecipitation=4Oinches 
E = aunual lake evaporation = 34 inches 

= fraction of soil passing through a 200 mesh sieve assumed at 60 percent 
M = 0.78 - 0.04 - 0.04 + 0.09 = 0.79 

Therefore the radon diffusion coefficient (DCJ is: 

Dc, = 0.07 exp [-4(0.79)-(0.79)(.41)2+(0.79y] 
= 
= 0.07 e ~ p  [-2.981 

0.07 e ~ p  [-3.16 - 0.13 + 0.31 

= 3.56 x l@ ~ m ' / s e ~  

Source term calculations for Waste Pits 3.5. and 6 

Waste Pit 3 

Waste Pit 5 

= J, = (10)4(310)(1.6)(0.22)(8.65 x lv)(0.98367) 

= 32.95 pCi/m2-sec 
= 92.85 p C i / m 2 - ~  

Waste Pit6 = 1.32pCi/m2-~ 
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WIND EROSION EMISSION RATE CALCULA Ti ON 
ESTIMATION OF PMlO AND TSP EMISSION 

RATE DUE TO WIND EROSION 
2 

3 

Obiective 
To estimate the total suspended particulate (TSP) and PM,, emission rate, from Operable Unit 1 
surface materials, due to wind erosion. 

Methodolorn 
The "Threshold friction velocity" approach is used for determining the wind erosion rate. The steps in 
this method are as follows: 

Determine the modal diameter of the sample of soils/ materials. 

Determine the threshold friction velocity of the material based on the modal diameter. 

Determine the mean annual wind speed from the meteorological data. 

Correct the threshold friction velocity at the anemometer height. 

Estimate flux of PM,, due to wind erosion. 

Estimate flux of total suspended particulate based on a particle size multiplier. 

Assumptions 

1. No continuous vegetation at site. 

Solution 

2. No crust present at this site. 

3. No nonerodiile elements present at this site. 

4. The sieve analysis for Operable Unit 1 surface soil is the same as the sieve analysis of 
Operable Unit 5 soil. 

Modal Diameters of Soils 
The modal diameter assumed for Operable Unit 1 surface soil is: 
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Figure 3 4  of reference 1 (USEPA, 1985) shows the relationship between the threshold friction 
velocity and the modal diameter of the materials. The analytical equation represented by this log plot 
is given by: 

h(uJ = (4.174)[0.415h(dp)] @-5) 

where 

4 = Threshold friction velocity (cm/s) 
dp = Modal particle diameter of the sample (mm) 

This equation has to be extrapolated beyond the ranges of the figure since all modal diameters are 
below 0.1 mm - the minimum modal diameter on the graph. Extrapolating, the threshold friction 
velocity was found as: 

Area Surface Soil 

Modal Diameter (mm) 0.01 15 

Threshold Friction Velocity u, ( 4 s )  10.2 

Greeley & Iversen (1985) give another method to estimate the threshold friction velocity based on 
wind m e 1  experiments on a number of different mateds. The results of the experiment generated a 
plot of a threshold parameter 

TF= SORTCPD*a*DD) 
P 

versus the threshold friction velocity u, (cm/s). In this equation Dp = particle diameter "cm," g is 
acceleration due to gravity = 981 cm/se&n, Pp is the particle density (g/cc) and P is the density of air 
(g/cc). The threshold friction velocity is estimated from this threshold parameter from correlations 
based on the specific gravity of the sample. The correlation is presented m Figure 3-5 of this 
reference. 

Using the modal diameters as Dp, an average air density of 12 * lo3 g/cc, the threshold friction 
velocity by this method is estimated as: 

Surface Soil 

Particle day. (cm) 0.001 15 

Particle density (g/cc) 2.7 

Threshold friction Velocity 35 
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A summary of the threshold friction velocities determined from both methods is as fdtows: 1 

i ~9-----418 
Surface Soil ( c d s )  

U.S. EPA Method 

Greeley & Iversen 

10.2 

35 

Lowering the threshold friction velocity increases the potential for emission due to wind erosion. 
Therefore, to be conservative, the lower threshold friction velocity as obtained by the U.S. EPA 
method will be used to estimate the parridate emission rate for the Operable Unit 1 air assessment. 

Since the threshold friction velocity is less than 75 cm/s, Gilleae's "Unlimited Erosion Potential" 
model will be applicable for Operable Unit 1 surface soils. 

The friction velocity is determined at the ground surface and wil l  have to be corrected for an 
anemometer height of 1Om. The following equation is used for this purpose (USEPA). 

Where Zo is the roughness of the surface in meters. The Operable Unit 1 modeling protocol assumes 
a non-vegetated soil cover. The roughness heights for soil covers varies between 1 cm to .1 cm 
(USEPA, 1985) which correspond to a plowed field and a smooth soil cover, respectively. A 
conservative roughness height of 1 cm is assumed for the Operable Unit 1 surface soils. The 
following table presents the friction velocity corrected to a height of 10 m. 

Surface Soil 

u" (m/s) 0.102 

410 (m/s) 1.76 

Ar>plication of Gillette's "Unlimited Erosion Potential" model 
As mentioned earlier, the Gillette's model is as follows: 

Elo = 0.036 * (1-V) [(U1dV,,J3l * F(x) 

where 
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El0 = Emission rate of PMlo particulate (g/m2-hr) 24 

V = Fraction of vegetative cover 25 

UlO = Annual mean wind speed at anemometer height of 10 meters ( 4 s )  26 
. ,  
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ut10 

Fix) = A function of ’x’ 

= Threshold friction velocity measured at the same height as U (m/s) 
x *  = 0.886 * [Utlo/U~d 

= 1.91 i fx  4 5  
= 
= 

0.18 (82 + 12x)EXP (-X2) for x > 2 
Figure 4-3 of Reference 1 for 05 < x Q 

4 3 

The mean annual wind speed obtained from the on-site data collection between 1987 - 1992 are as 7 

follows: a 

Year 1987 1988 1989 1990 1991 1992 9 

Mean Annual 5.1 5.0 4.4 4.5 4.1 4.0 
Wind Speed 

mph (ds) (2.28) (2.235) (1.967) (2.01 1) (1.833) (1.788) 

Again, to be conservative in predicting the emission rates, the highest of these mean annual wind 
speed, i.e., 238 m/s was selected for the Gillette model. 

Based on these input values, the emission flux for Operable Unit 1 surface soil is: 

Emission Flux (g/m2-s) PM,, 4.00 x loJ 

An example calculation is shown below: 

Ut,, = 1.76 m/s 
U,, = 2.28 m/s 
X = 0.886 (UJJIJ = .68 

Since n ~ n  is greater than 0.5 but less than 2.0, use Figure 4.3 for F(x). 

F(x) = 1.84 
V = 0.0 (assumed that no vegetative cover on material) 
E10 = 0.036 (1 - 0.0) * [(2.28/1.76)’] * 1.84 

= 0.036 1 * 1.84 
= .144 g/m2-hr 
= .144 g/m2-hr * 1/3600 hr/= 
= 4.0 x 1O5 g / m 2 - ~  

The emission flux for TSP is determined by dividing the emission flux of PM,, by a particle size 
factor (K), where ’K’ is the fraction of PM,, pamculate in the suspended particulate. From data 
available in the literature, (USEPA, 1985, USEPA 1990) K = 05, therefore, emission flux of TSP 
from Opexable Unit 1 surface soils is: 
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ER,, = 4.0 P / O S  = 8 E"5 8 / m 2 - ~  

Threshold friction velocity for Waste Pit Materials 
In the future scenario operable Unit 1 will not have a homogenous surface soil cover as assumed in 
the current scenario. Waste Pits 3, 5 and 6 material will be exposed and available for wind erosion. 

2 

3 

4 

A review of available subsurface material geotecbnical analyses resulted in the following minimum 

surface, i.e., top of the cap material. 

5 

6 

7 

modal diameters for various Waste Pits. The materials were sampled at depths of 4-7 feet from the 

Waste Waste Waste 
Pit 1 Pit2 Pi t3  BurnPit 

Modal Diameter (mm) 0.13 .017 .010 .05 

Based on this data the modal diameter used 10 calculate wind erosion emission rates for surface soils 
(.0115 mm) is representative of the Waste Pit material also. Therefore the calculated PMlO wind 
erosion emission rate (4.0 x l@ ghn's) will be used in both the current and future scenario for all 

sources. 

D47 

a 

9 

10 

1 1  

l2 .. 



APPENDIX D.43 

AIR TRANSPORT AND DISPERSION MODELING 
PROTOCOL AND RESULTS 



FEMP-01RI4 DRAlT 
October 12,1993 

, r p '  
AIR TRANSPORT AND DISPERSION MODELING &-. -- 4 18 7 1 

PROTOCOL AND RESULTS 2 

3 

Site Description of Operable Unit 1 
Operable Unit 1, commonly referred to as the Waste Pit area, is located in the northwest comer of the 
Fernald Environmental Management Project (FEMP) facility. Surrounding Operable Unit 1 is the 
Production Area to the east, the K-65 silos to the south and Paddys Run to the west. There are 8 
individual Waste Pits in Operable Unit 1 which are identifed as Waste Pits 1 through 6, the Burn Pit 

and Clearwell. The location of these Waste Pits are shown in Figure 5-15. Aerial photographs of 
Operable Unit 1 taken in December 1988 and March 1992 show that Waste Pits 1 through 3 and the 
Burn Pit have been backfilled and are covered with vegetation. Waste Pit 4 is protected by a 
temporary RCRA cover. The remaining Waste Pits are filled with water. 

From U.S Geological Survey topography maps (Southeast Ohio, Shandon Quadrangle, revised 1981) 
topographic characteristics surrounding the Waste pits is generally flat. The only major topographic 
feature is the Great Miami River which is located approximately one mile, at its closest point, east of 
the FEMP facility. Recent aerial photographs show vegetation, in the foxm of needle and broadleaf 
trees, growing to the north and west of Operable Unit 1. Isolated dairy and agricultural farms also 
surround the FEMP facility. 

Conceptual Air Model Source Scenarios 

The conceptual model for the Operable Unit 1 air transport analysis examined two emissiofi scenarios. 
The two scenarios evaluated emissions for current conditions at Operable Unit 1 and a future condition 
that assumed the site is a part of a homestead. These scenarios are briefly discussed below. 
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Current Scenario Sources 28 

In the current scenario, Waste pits 1 through 4 and the Burn Pit are assumed to be covered with 
nonvegetated contaminated soil, which is susceptible to wind erosion. Waste Pits 5.6 and the 

29 

30 

31 

32 

Clearwell are filled with water and not considered to be sources of emissions. 

Future Scenario Sources 33 

In the future scenario, Waste Pits 1.2.4 and the Burn Pit are covered with contaminated soil and 
susceptible to wind erosion. However, Waste Pits 1 and 2 are assumed to be irrigated and used to 
grow crops for human and animal consumption. Crops are &sumed to vegetate the local area 
approximately six months out of the year, therefore a 50% vegetation cover is assumed for Waste Pits 
1 and2. 38 
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scenario, the left half of Waste Pit 5 and the right half of Waste Pit 6 are filled with 
wakr. Therefore, Waste Pit material which fills the right half of Waste Pit 5 and the left half of Waste 
Pit 6 is exposed and susceptible to wind erosion. The Clearwell remains filled with water and is not 
considered an emission source m the future scenario. 

The soil cover on Waste Pit 3 is assumed to fail, thus exposing Waste Pit 3 material to wind erosion. 

Air Dispersion Model 
Annual average ground level concentrations were determined by the USEPA'S computerized Industrial 
Source Complex Long-Term (ISCLT2) model, Version 92273. This model was specified for use in 
the "Risk Assessment Work Plan Addendum", Section 6.0, dated June 1992. 

The ISCLT2 model is designed for assessing the air quality impact of emissions at user-selected 
receptors from a variety of sources. It incorporates a steady-state Gaussian plume equation that is 
applicable for flat or gently rolling terrain. The ISCLT2 model calculates annual average ground level 
concentrations or deposition due to airborne emissions at user-selected receptors, based on sector 
averaged statistical wind summaries known as STatistical ARrays (STAR). The user can select from 
single or multiple point, area or volume sources as input to the model. Input data also includes 
emission rates of the sources, the location and configuration of sources, statistical summaries of wind 
speed, wind direction and atmospheric stability, and the locations of receptors of interest. Other mput 
options used in the modeling are addressed in Table D.4-1. 

b u t  Parameters 

Meteorological Data 
Five meteorological parameters: wind speed, wind direction, ambient air temperature, atmospheric 
stability and vertical mixing heights are required as input fur the ISCLT;? model. All parameters, with 
the exception of vertical mixing heights, are measured directly at FEMP's on-site meteorological 
tower. Vertical mixing heights were calculated from atmospheric sounding data compiled twice daily, 
from the National Weather Service (NWS) in Dayton, Ohio (See Table D.4-2). The N W S  office in 
Dayton was selected because it was the closest source of atmospheric sounding data to the FEMP 
facility. It was assumed that atmospheric conditions recorded at the N W S  Dayton office would best 
represent the conditions at the FEMP facility. 

Wind speed, wind direction and ambient air temperature data are measured at the FEMP 
meteorological tower at a height of 10 meters. The atmospheric stability category is derived from 
direct measurements of the standard deviation of the horizontal wind direction (sigma-theta) during the 
daytime and the low-level temperature difference (delta-T) at night. These procedures are in 
accordance with U.S. EPA methodology for estimating PasquiU stability categories in terms of the 
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standard deviation of the horizontal wind direction and low level temperature differences, (EPA 

Publication 450/4-87-O13 "On Site Meteorological Program Guidance for Regulatory Modeling 
Applications", Section 6.0). The temperature difference is calculated from air temperature recorded at 
the 60 meter and 10 meter levels. 

The ambient air temperatures measured at the FEMP meteorological tower and the temperatures used 
in the ISCLT2 model as a function of atmospheric stability categories A through F are given in Table 
D.4-3. Assignments of temperatures to stability categories were made as per U.S. EPA 
recommendations (U.S. EPA Publication 450/4-92M)8a7 "Users Guide for the Industrial Source 
Complex ( I S C 2 )  Dispersion Models", Vol. 1, Section 3.5.11). These recommendations suggest that the 
annual average maximum daily temperatures be assigned to the A, B, and C stability categories, 
annual average temperature be assigned to the D stability category, and the annual average minimum 
daily temperature be assigned to the E and F categories. 

The format of the meteorological data required by the ISCLT2 model is in the form of the STability 
ARray (STAR) program output. The STAR program output is a statistical meteorological data 
 summa^^ which gives the joint frequency distribution of six wind speed classes by sixteen wind 
sectors (Le. north, north-northeast, northeast etc.) by six atmospheric stability categories (A through F). 
STAR data for the six years, 1987 through 1992, are listed in Attachment D.I. 

The six wind speed classes are defined as 1 to 3 miles per hour (mph); 4 to 7 mph; 8 to 12 mph; 13 
to 18 mph; 19 to 24 mph; and greater than 24 mph. Calm winds are wind speeds less than 1 mph 
with a variable wind direction. To account for the calm winds measured at the FEMP meteorological 
tower, the frequency of occurrence of calm winds were equally divided among the sixteen wind 
direction sectors and added to the 1 to 3 mph wind speed class. 

According to meteorological wind data measured and recorded at FEMP facility, the prevailing wind 
direction blows from the southwest to the northeast. 

Figures graphically illustrating the meteorological wind profde for each year from 1987 through 1992 
are given in Attachment D.II. 

Source Data -. 
The ISCLT2 model defines sources as any point@), area or volume that have the potential to 'eht ;  . 
emissions. Due to the ground level configuration of the Operable Unit 1 Waste Pits and the large area 
of potential emissions, all sources were defined as "area" sources. In the current scenario, there were 
5 individual area sources used as input into the ISCLT;! model. These sources were Waste Pits 1 
through 4 and the Burn Pit. A total of seven individual sources were considered in the future 
scenarios. These sources include Waste Pits 1 through 6 and the Burn Pit. 
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One limitation of the ISCLT2 model is its inability to calculate ground level concentrations from 
irregularly shaped area sources. Therefore, the user is required to breakdown each irregularly shaped 
source into a series of squares that would best approximate the square area of that source (U.S. EPA 
Publication 450/4-92-008a9 "Users Guide for the Industrial Source Complex (ISC2) Dispersion 
Models", Vol. 1, Section 3.3.1). Figures D.4-1 and D.4-2 illusfrate the breakdown of individual 
sources into squares for both the current and future scenarios, respectively. It is impOrtant to note that 
all Waste Pits, except for Waste Pit 3, required one square to approximate the actual square area. 
Because of its size and irregular shape, Waste Pit 3 required five individual squares to approximate its 
actual square area. 

ISCLT2 requires the user to input the coordinates of the southwest comer of individual squares along 
with the length of one side, assuming a box with four equal sides (U.S. EPA Publication 450/4-92- 
008a, "Users Guide for the Industrial Source Complex (ISC2) Dispersion Models", Vol. 1, Section 
3.3.1). Tables D.44 and D.4-5 show the X and Y coordinates and length of each source considered in 
both the current and future scenarios. 

Emission Rates 
With the exception of Waste pits 1 and 2 in the future scenario, all other Waste Pits were assumed to 
have a unit emission rate of 0.1 m's. Waste Pits 1 and 2 in the fume scenario have a unit emission 
rate of 0.05 @'s in order to account for vegetative cover during 6 months of the year. The selection 
of 0.1 @'s over standard unit emission rate of 1.0 e ' s  was decided after observing the model 
results. ISCLT2 print limits concentration results to 1 x 106 order of magnitude. Using an unit 
emission rate of 1.0 g/m2s, in some cases, produced concentration results on the order of 1 X lo' 
which is larger than the allowable field. 

Recmtor Data 
A receptor is defined as a user-selected point at a given distance from a source or origin. ISCLT2 
estimates the location of maximum on-site and off-site ground level concentrations at receptors from 
sources (U.S. EPA Publication 450/4-92-008a, "Users Guide for the Industrial Source Complex ( ISC2)  
Dispersion Models", VoI. 1, Section 12.2). On-site and off-site receptors were determined by the 
faceline surrounding the FEh4P facility. A series of receptors around a source is commonly refmed 
to as a "receptor grid" and may be expressed in polar or Cartesian coordinates (U.S. EPA Publication 
450/4-92-008a9 "Users Guide for the Industrial Source Complex (ISC2) Dispersion Models", Vol. 1, 
Section 3.4.1.1). For the purpose of Operable Unit 1 air dispersion modeling, two Cartesian 
coordinate receptor grids were used, a coarse and a fme mesh grid. The coarse grid consisted of a 494 
receptors spaced 250 meters apart (see Figure D.4-4). The fine mesh grid was centered over the 
maximum concentration coarse grid receptors and were spaced 50 meters apart. 
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From the ISU’I2 calculations using the coarse grid as input, maximum on-site and off-site ground 
level concentrations were detemined. A fine mesh grid was centered near these maximum 
concentrations and the ISCL”2 was rerun. (see Figures D.4-4 and D.4-5). A receptor is located at 
each point where two lines intersect to form the graph. The fine mesh grid increased the accuracy of 
estimating maximum ground level concentrations. 

B 

B 

Discrete receptors were also used in the modeling to account for concentrations at sensitive locations. 
Discrete receptors consisted of four elementary schools, one high school and one day nursery. The six 
discrete receptors, location and Cartesian coordinates from the origin are listed in Table D.4-6. 

Breakdown of Air Diswrsion Model Runs 
A total of 36 ISCLT2 model runs were executed utilizing a combinations of the current and future 
emission scenarios, coarse and fme grids, on-site and off-site receptors and 6 years of meteorological 
data. A breakdown of model runs are listed below: 

Current Scenario 

(1 run& using coarse grid to calc On/Off-Site conc.) x (6 yrs met data) = 6 
nms 

(1 nm/yr using fine grid to calc on-site conc.) x (6 yrs met data) = 6 runs 

(1 run/yr using fine grid to calc off-site conc.) x (6 yrs met data) = 6 nms 

This represent a total of 18 model runs for the current scenario. 

Future Scenario 

(1 run/yr using coarse grid to calc OdOff-Site conc.) x (6 yrs met data) = 6 runs 

(1 run/yr using refined grid to calc on-site conc.) x (6 yrs met data) = 6 nms 

(1 run/yr using refined grid to calc off-site conc.) x (6 yrs met data) = 6 nms 

This represents a total of 18 model runs for the future scenafio 

Results of Air Dismion Modeling 
This sections Summarizes the results from ISCLT2 unit emission rate modeling of Operable Unit 1, 
using the input parameters and methodology mentioned above. All concentrations and locations were 
based on the fine mesh receptor grid for on-site and off-site receptors in the current and future 
scenarios. It is important to note that maximum ground level concentrations from individual s g y y s  
do not always occur at the same receptor location as h m  combined somes. The concentrahon..” ”’ 
impact at a receptor is greatly influenced by the distance between the source and the receptor. 
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Current scenario 

Table D.4-7 summarizes maximum unit emission rate ground level concentrations at on-site receptors 
for both individual and combined sources. From 1987 through 1992, the ISCLT2 model consistently 
calculated maximum concentration, from combined sources, to occur 50 meters south of the origin. 

Table D.4-8 shows ISCLT2 unit emission rate modeling results for maximum ground level 
concentrations at off-site receptors for combined and individual sources. These results estimate the 
maximum concentration, from combined sources, to occur at the ~~ fenceline at X,Y coordinate (- 
450 m,-150 m). 

It is common that longtennmaximum concentrations occur downwind from a source along the 
prevailing wind direction. This would result in the maximum off-site concentrations occurring 
northeast of Operable Unit 1, yet ISCLT2 model results contradict this. One explanation is the 
proximity of the nearest off-site receptor relative to the Waste Pit area, regardless of prevailing wind. 
Dispersion algorithms used in ISCLT2 model calculate concentrations inversely proportional to 
distance from a source (U.S. EPA Publication 450/4-92-008b, "Users Guide for the Industrial Source 
Complex Dispersion Model", Vol. 2, Description of Model Algorithms, Section 1.2.3). Therefore, the 
closest receptor to a source would yield a higher concentration than a receptor along the prevailing 
wind direction at a greater distance. The ISCLT2 modeling results for Operable Unit 1 show the 
distance between source and the nearest off site receptors, downwind in the prevailing wind direction, 
are more than twice the distance between the source and the nearest off-site receptor not along the 
prevailing wind direction. 

Table D.4-9 shows ISCL'I;? model results for maximum ground level concentration at discrete 
receptors from combined s0urce.s in current scenario. 

Future scenario 
Table D.4-10 suILLmarizes maximum ground level concentrations at on-site receptors for individual and 
combined sources. Results show that for all 6 years, with the exception of 1987, that the maximum 
concentrations occuffed 50 meters north of the origin. This differs from values calculated in the 
current scenario by 100 meters because of emission contributions from Waste Pits 5 and 6 that were 
not considered as emission sources in the current scenario. 

Table D.4-11 shows concentration results for off site receptors similar to the those discussed in the 
current scenario. However, higher concentration values due to added emission sources were the only 
obvious difference. Table D.4-12 summarizes concentration estimates at discrete receptors. 

An example output data file for the ISCLT2 model is listed in Attachment D.III. 
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TABLE D.4-1 

DISPERSION OPTIONS USED IN ISUT MODELING 
OF OPERABLE UNIT 1 

*- ';. -^"ai#* 

solncc Type Area 

Dispersion Mode RUrai 

calculation Mode Concamtion 

Building Downwash None 
Flagpole Reaptors 

Discrete Receptors 

Gravitational Settling 

Variable Emissions 

Receptor Grid 

Discrete Receptor Grid 

Meteorology lnput 

None 

YeS 

None 

None 

Annual STAR Summaries' 

%vidual annual on site data for 1987 through 1992 inclusive. 
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TABLE D.4-2 - 

MIXING HEIGHTS I N  METERS USED IN ISCLT MODELING 

Wind Speed Class 

Year Stability Class I 2 3 4 5 6 

1987 A 

B 
C 

D 
E 
F 
A 

B 
C 

D 
E 
F 

1988 

1989 A 

B 
C 

D 

E 
F 

1990 A 

B 
C 

D 
E 
F 

2105 

1403 

1403 

1403 

5O00 

5Ooo 

2133 

1422 

1422 

1422 

SO00 

500 

1854 

1236 

1236 

1236 

so00 

5O00 

1823 

1215 

1215 

1215 

1215 

5Ooo 

1961 

1307 

1307 

1307 

5ooo 

5Ooo 

235 1 

I567 

1567 

1567 

SO00 

OOO 

1995 

1330 

1330 

1330 

5Ooo 

SO00 

1991 

I327 

1327 

1327 

1327 

So00 

1803 

1202 

1202 

I202 

5Ooo 

5Ooo 

2030 

1353 

I353 

I353 

5O00 

5OOO 

I698 

1 I32 

1132 

1132 

SO00 

5Ooo 

1791 

1194 

1194 

1194 

1194 

SO00 

1802 

1201 

1201 

1201 

5mn) 

SO00 

1812 

I208 

1208 

1208 

5m 

so00 

1524 

1016 

1016 

1016 

5Ooo 

5Ooo 

I695 

I130 

1130 

1130 

1130 

5mx) 

1526 

1017 

1017 

1017 

SO00 

SO00 

I665 

1110 

1110 

1110 

5O00 

5O00 

1730 

1153 

1153 

I153 

5O00 

SO00 

1629 

1086 

1086 

I086 

I086 

5Ooo 

2349 

1566 

1566 

1566 

5000 

5000 

3255 

2170 

2170 

2170 

5 m  

5 m  

2313 

1542 

1542 

1542 

5 m  

5000 

2313 

1542 

1542 

1542 

1542 

5000 

1991 A 1823 1991 1791 1695 1629 2313 

B 1215 1327 I194 1130 1086 1542 0 2.? 5 's 
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TABLE D.4-2 
(Continued) - 

Wind Speed Class 

1 2 3 4 5 6 Year Stability Class 

C 1215 1327 1194 1130 1086 1542 

D 1215 I327 1194 1130 1086 1542 
E 
F 

5000 5000 5000 5000 5000 so00 
5000 5000 5000 so00 5000 so00 

1992 1823 1991 1791 1695 1629 2313 A 

B .  1215 1327 1194 I130 1086 1542 

C 1215 I327 1194 1130 1086 1542 

1215 1327 I I94 1 I30 1086 1542 D 
E so00 5000 5000 5OOO 5000 So00 
F 5000 5000 5000 5000 So00 
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Stability Class 

Year A B C D E F 
1987 290 290 290 284 278 278 

1988 29 I 29 1 29 I 284 279 279 

I989 290 290 290 284 280 280 

I990 290 290 290 285 279 279 

1991 292 292 292 286 28 I 28 I 

1992 290 290 290 284 279 279 

tr 
P 
c 
4 

TABLE D.4-3 

MIXING tIEIGtiTS IN METERS USED IN ISCLT MODELING - ,  . ,* . 
*- 
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L- 47 
SOURCES AND CORRESPONDING X AND Y COORDINATES i 

TABLE D.4-4 

FOR OPERABLE UNIT 1 WASTE PIT AREA 
CURRENT SCENARIO 

Source 

ou1 PIT2 

OU1 P3SQIb 

OU1 P3SQ2b 

OU1 P3SQ3b 

ou1 P3sQ4b 

OU1 P3SQ5” 

ou1 PlT4 

OU1 BURNPIT 

-69 

-145 

-78 

-222 

-145 

-78 

25 

-17 

-104 

0 

0 

-103 

-65 

-40 

-45 

-20 

57 

67 

61 

77 

67 

44 

82 

43 

Values are based OIL a Cartesian coordinate system with origin centercd at the Bum Pit . 
bdlvidual sources within waste Pit 3. 
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TABLE DA-5 _- 
I .  

SI~JR~Z m co~spoIIJBm~ x AND Y COORDINATES 

FUTURE SCENARIO 
FOR OPERABLE UNIT 1 WASTE PIT AREA 

. -  
Y€OtX&W 

LENGTH 

ou1 m2 

OU1 P3SQlb 

OU1 P3SQZ" 

OUI P3SQ3b 

ou1 P3SWb 

ou1 PIT4 

ou1 m 5  

OU1 P3SQP 

- 6 9 .  

- 145 

-78 

-222 

-145 

-78 

25 

-22 

-104 

0 

0 

-103 

-65 

-40 

4 5  

70 

57 

67 

61 

77 

67 

44 

82 

82 

OU1 PlT6 116 30 38 

OU1 BURNPIT -17 -20 43 

%lues am based on a Cartesian wonhate . system with origin centered at the Bum Pit. 
%vidual sources within waste Pit 3. 
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TABLE D.44 

DISCRETE RECEPTORS AND DISTANCE FOR ORIGIN a -- 

X-coordiDate Y-coordinate 
Discrete Receptors (meters) (meters) 

Crosby Elemeatary -1825 -2865 

Morgan Elementary -3460 3870 
4722 1960 

6470 -4590 

EldaElementary 

St John Elementary 

Ross Miadle/High School 5500 3460 

Ross County Day Nursery 5000 2390 

.i , . .. . .  . .. 

D420 



TABLE D.4-7 

lb 
4 

c.2 ;: ,4 
iu 
e3 
3- 

MAXMUM CONCENTRATIONS' (UNlT EMISSION RATES) AND CORRESPONDING LOCATIONSb 

CONTROLS USING 50 METER RECEPTOR SPACING 
FOR CURRENT SCENARIO WlTH ACCESS CONTROLS (ON SITE) AND WITHOUT ACCESS t 

..- 
1 

I 

1987 1988 1989 1990 1991 I992 

163625.0 
Pit 1 

(-50.-1100) 

13999 1 .O 

(0,-50) 

151107.8 

Pit 2 

Pit 3SQ1 
(-50.50) 

U 168505.0 A. 
Pi1 3SQ2 5 

(0.50) 

146008.0 
Pit 3SQ3 

(- 1 OO,-SO) 

140161 .o 
Pit 3SQ4 

(-50.0) 

104583.0 

(0,O) 

3977 13.0 

(090) 

Pit 3SQ5 

Pit 3 

WRWU I R h D C l 2 0 2 A D . C ~ -  12-93 10apm 

I9805 1 .O 

(-50,-100) 

167425.0 

(0,-50) 

182899.0 

(-50.50) 

203998 .o 

(0.50) 

172583.0 

(- lOO,-50) 

169333.6 

(-50,O) 

124255.9 

(0.0) 

462925.0 

(0.50) 

2091 70.1 

(-50,-8 00) 

175927.6 

(0.-50) 

193591 .O 

(-50.50) 

215484.3 

(0.50) 

1841 13.0 

(- 1 OO.-50) 

178851.6 

(-50,O) 

132097.6 

(0.0) 

492634.4 

(0.0) 

m 

192490.8 

(-50,-100) 

1625 17.6 

(0,-50) 

176968.0 

(-50.50) 

197993.7 

(0.50) 

169876.7 

(-1 00,-50) 

164475.0 

(-50,O) 

120980.7 

(om 
453022.7 

(0,O) 

17 1 553.7 

(-50,-100) 

146546.0 

(0,-50) 

15774 1 .O 

(-50.50) 

176842.0 

(0.50) 

152749.0 

(-lOO,-50) 

146641 .O 

(-50,O) 

108747.0 

(0.0) 

410448.9 

(0.0) 

174955.0 

(-5 0, - 1 00) 

148492.0 

(o,-soj 
160758.9 

(-S0,SO) 

180078.4 

(0.50) 

155766.9 

(- 1 00,-SO) 

149362.0 

(-50.0) 

110191.9 



TABLE D.4-7 
(Continued) 

1987 1988 1989 1990 wgi ' 1992 

148834.7 173306.9 1869 10.9 169282.7 15 1755.0 154008.4 
Pit 4 

( 150,O) (1 5090) (150,O) (1 50.0) ( 150.0) ( 150.0) 

128679.0 149802.9 16 I43 1.6 146445.0 132054.0 133880.0 

(50,O) (50.0) (50.0) (50,O) (50.0) (50.0) 

625257 .O 674888 .O 71637 1.8 669423.0 6181 12.0 64 1847.8 

Burn Pit 

All Pits' 
(0,-50) (0,-50) (Oi50) (09-50) (09-50) (O i50 )  

U ' 'Units are in micrograms per cubic meter (uglm'). 
%nits are in meters with origin being Lhe center of Burn Pit. 
CInclude pi& 1 through 4 and the Burn Pil. 

b 

. -  



TABLE D.4-8 
0 
iu 
0 
w 

MAXIMUM OFF-SITE CONCENTRATIONS' (UNIT EMISSION RATES) AND CORRESPONDING LOCATIONSb 
CURRENT SCENARIO WITH ACCESS CONTROLS USING 50 METER RECEPTOR SPACING 

1987 1988 I989 1990 1991 1992 

Pit 1 

Pit 2 

Pit 3SQ1 

tl Pit 3SQ2 
P E 

Pit 3SQ3 

Pit 3SQ4 

Pit 3SQ5 

Pit 3 

10228.3 1 

(450,-150) 

4798.576 

(450,-250) 

7039.853 

(-5OO,-I 00) 

5328.61 6 

(450,-150) 

15708.48 

(-450,-150) 

8756.585 

(-450,-150) 

3 138.644 

(-450,-1SO) 

39804.79 

(-4504 50) 

FBRylUl RlQC.I20UD.CWB- 10-93 I:17pm 

7489.102 

(450,- 150) 

3359.372 

(450,-250) 

5151.677 

(-5O(W 

3742.01 

(-450,-150) 

1 1283.29 

(-450.-150) 

621 8.983 

(-450,-150) 

2198.492 

(450,- 1 50) 

28320.95 

(-450,-150) 

7063.234 

(450,-250) 

3371.88 

(450,-250) 

501 6.453 

(450,-150) 

3773.754 

(-450,-150) 

11 107.47 

(-450,-150) 

61 36.477 

(-sso,-a 50) 

21 51.244 

(450,-1150) 

28185.4 

(450,450) 

7 165.182 

(450,-150) 

3 I3 1.748 

(-450,-150) 

4939.029 

(-500.0) 

3427.44 

(-450,-150) 

10533.64 

(-450,-150) 

5783.537 

(-450,-150) 

2048.952 

(-450,450) 

26222.2 1 

(-450,-150) 

I 

6363.6 

(450,-150) 

2916.144 

(-450,-250) 

4367.869 

( - 5 0 0 )  

3248.213 

(-450,-150) 

9843.991 

(-450,- 1 SO) 

5406.88i 

(-450,-150) 

1908.552 

(450,-150) 

24665.60 

(-450,- I 50) 

0 

7397162 

(-450,-250) 

3554.92 

(-450,-250) 

5216.973 

(-450,-150) 

3965.685 

(-450,-150) , 

1 1576.44 

(-450,-150) 

6435.51 

(450,-150) 

228 1.08 

(-45O,-lSO) 

29475.69 

(-450,- I 50) 



TABLE D.4-8 
(Continued) 

1987 1988 1989 1990 1991 1992 

6522.06 4527.398 455 1.336 47 87.007 4 175.9 14 4 7 7 6.3 9 
Pit 4 

(450,-200) (450,650) (450,-200) (450,650) (450,650) (-450,-200) 

2351.45 1640.655 1600.702 1528.508 141 5.97 1 1701.31 I 
Burn Pi1 

(450,-150) (450,-150) (450,- 150) (450,- 150) (-450,-150) (450,-150) 

63205.07 451 84.1 3 44084.2 4 2228.3 8 39037.52 46063.09 
All Pits' 

(-450,-150) (450,-150) (450,-150) (450,- 150) (-450,-150) (-450,-150) 

U 
l% 'Units are in micrograms per cubic meter (ug/m'). 

%nits are in meters wilh origin being lbe center of Burn Pit. 
'Include pi& 1 through 4 and Burn Pit. k 

, .. 



1 
~. 
! .  , 

4 a TABLE D.4-9 

CONCENTRATIONS~ W I T  EMISSION RATES) AT DISCRETE RECEPTORS FROM  ALL^ 
OPERABLE UNIT 1 SOURCES RELEVANT TO CURRENT SCENARIO 

1988 1989 1990 1991 I992 1987 

795.76 633.21 864.88 752.53 853.41 665.44 Crosby Elementary School 

Morgan Elementary School 364.01 36 1.22 323.88 304.91 273.11 403.16 

Elda Elementary School 1498.77 1754.32 1889.8 1 1634.67 1388.15 1345.54 

Saint Johns Elementary School 556.52 618.36 686.13 684.56 628.52 646.01 

Ross High School 1015.63 1188.15 1269.33 1145.20 96 1.42 968.27 

Ross County Daycare Nursery 1303.98 1525.45 1638.59 1438.12 1216.17 1 190.9 1 

U 
b 
tb 
VI 

'Units are in micrograms per cubic meter (ug/m3). 
bInclude pits 1 through 4 and the Burn Pit. 

FER\OUIRI\DC. IZOZAD.4-9\08-IO-93: I Ipm - 



TABLE D.4-10 

MAXIMUM CONCENTRATIONS' (UNIT EMISSION RATES) AND CORRESPONDING LOCATIONS FOR FUTURE 
SCENARIO WlTH ACCESS CONTROLS (ON SITE) AND WITHOUT ACCESS CONTROLS USING 

50 METER RECEPTOR SPACING 

1987 1988 1989 1990 1991 1992 

Pit 1 

Pit 2 

Pit 3SQ 

U 
4A Pit 3SQ2 tL 
o\ 

Pit 3SQ3 

Pit 3SQ4 

8 181 2.0 

(-50,- 1 00) 

69995.0 

(0.-50) 

15 1 107.8 

(-5030) 

168505.0 

(0,501 

146008.0 

(-1 00,-50) 

140 161 .O 

(-50,O) 

104583.0 

(0.0) 

3977 13.0 

(090) 

99025.0 

(-5O,-IOO) 

837 12.0 

(0,-50) 

182899.0 

(-5030) 

203998.0 

(0.50) 

172583.3 

(-100,-50) 

1693 33.6 

(-50,O) 

124255.9 

( o m  
462925.0 

(0,501 

104585.0 

(-5O,-IOO) 

87963.8 

(0,-50) 

193591.0 

(-50,50) 

215484.0 

(0,501 

1841 13.0 

(-1 OO,-50) 

178851.6 

(-50,o) 

132097.6 

(0.0) 

492634.0 

(om 

96245.6 

(-50,-100) 

8 1258.8 

(0,-50) 

176968.0 

(-50.50) 

197995.9 

(0,501 

169876.8 

(-100,-50) 

164475.0 

(-50,O) 

120980.7 

(0.0) 

453022.6 

(0,O) 

85777.0 

(-50.4 00) 

73273.0 

(0.-50) 

15774 1 .O 

(-50,50) 

176844.0 

(OSO) 

152749.0 

(- 100,-SO) 

14664 1 .O 

(-50.0) 

108747.5 

(0.0) 

410448.8 

(0,O) 

87477.7 

(-50,- 100) 

74246.0 

(0, -5 0)  

160758.8 

(-50.50) 

180080.0 

(0,50) 

155767.0 

(- 100,-50) 

149362.5 

( - 5 0 )  

110191.9 

(0.0) 

41 7316.0 

(om 



C '  

n 'L TABLE D.4-10 
(CONTINUED) 

e 
09 - a 1987 1988 1989 1990 1991 1992 

4 - u  
w 148834.7 173306.9 1869 10.9 169282.7 15 17 55 .O 
-23 Pit 4 

154008.4 

(1 50,O) 

148877.5 

( 100, 100) 

80858.6 

( m 5 o )  

128679.5 

(50,O) 

Pit 5 

Pit 6 

Buru Pit 

U 60801 7.1 b 
La All Pits' 

(OVO) 4 

(150.0) 

170278.0 

( 100,100) 

79972.0 

(200,50) 

146444.9 

(50,O) 

6729 1 5.3 

(0.50) 

( 150.0) 

1529 10.0 

(100,100) 

71824.0 

(200,50) 

132054.5 

(50,O) 

608235.6 

(OSO) 

'Units are in micrograms per cubic meter (ug/m'). 
%nits are in meters with origin being the center of Burn Pit. 
'Include pits 1 fluougb 6 and Lhe Bum Pit. 

( 150.0) 

155525.8 

(100,100) 

74699.2 

( I  50,lOO) 

133879.6 

(50.0) 

643546. I 

(0.50) 



1 

TABLE D.4- 11 

MAXIMUM OFF-SITE CONCENTRATIONS' (UNIT EMISSION RATES) AND CORRESPONDING LOCATIONSb 
WITH ACCESS CONTROLS FOR FUTURE SCENARIO USING 

50 METER RECEPTOR SPACING 

1987 1988 1989 1990 1991 1992 

Pit 1 

Pit 2 

51 14.157 

(450,-150) 

2399.288 

(450.-250) 

7039.853 
Pit 3SQl 

(-500,- 100) 

5328.616 
tl Pit 3SQ2 b 
tb (-450,-150) 
00 

15708.48 
Pit 3SQ3 

(-450,-150) 

8756.585 
Pit 3SQ4 

(450,-150) 

3 138.644 
Pit 3SQ5 

(-450,-150) -" . - 
39804.79 

Pit 3 
1 3  (-450,-150) 
N 
0 
%U I R N X .  I2OUD.4 I 1'4% 10-93 I : 19pm 

3744.551 

(450,-150) 

1679.686 

(450,-250) 

51 5 1.677 

( - 5 ~ 8 0 )  

3742.01 

(450,-150) 

11283.29 

(-450,- 150) 

621 8.983 

(-450,-150) 

2198.492 

(-450,- 150) 

28320.95 

(-450.- 150) 

3531.617 

(-450,-250) 

1685.944 

(450,-250) 

501 6.453 

(-450,-150) 

3773.754 

(450,-150) 

11 107.47 

(-450,-150) 

61 36.477 

(-450,-150) 

21 5 1,244 

(450,- 150) 

28 185.4 

(-450,- 150) 

3582.591 

(450,-150) 

1565.874 

(40,-150) 

4939.029 

(-500,O) 

3427.44 

(450,-150) 

10533.64 

(-450,-150) 

5783.537 

(450,- 150) 

2048.952 

(-450,- 1 50) 

26222.21 

(45O8-I 50) 

3181.8 

(-450,-150) 

1458.072 

(450,-250) 

4367.869 

(-500,O) 

3248.21 3 

(450,-150) 

9843.99 1 

(450,- 150) 

5406.88 1 

(-450,- 1 50) 

1908.552 

(450,-150) 

24665.60 

(-450,- 1 50) 

3697.62 

(-450,-250) 

1777.46 1 

(450,-250) 

52 16.973 

(450,-150) 

3965.685 

(450.4 50) ' 

1 1576.44 

(450,-150) 

6435.5 1 

(-450,-150) 

228 1.08 

(-450,- 150) 

* P  29475.69 

(-450,-150) 6 
- &  i f E  

w 



TABLE D.4-11 
- 8 -  

/_e- -I 1 I (CONTlNUED) 
’-.- 0 
,,+ pJ -‘ 

’ a ’  1987 1988 1989 1990 1991 1992 ria 
3 6522.06 4527.398 4551.336 4787.007 4 175.9 14 4776.39 0 .  

Pit 4 
(-450,-200) (450,650) (-450,-200) (450,650) (450,650) (450,-200) 3 

Pit 5 

Pit 6 

6505.80 6334.9 17 6643.737 6422.336 5471.16 5744.185 

(-5OO,-1 00) (550.650) (550,650) (550,650) (550,650) (500,650) 

t 21 1.548 1209.564 1209.577 1292.174 1 14Ui623 1246.275 

(-450,-200) (450.650) (500,650) (450,650) (450.650) (450,650) 

2351.45 1640.655 1600.702 1528.508 141 5.97 1 1701.31 I 
Burn Pi1 

(-450,-150) (-450,-150) (-450,-150) (-450,-150) (450.-150) (-450,- 150) 

6264 1.3 44609.8 44006.4 4 1440.8 38584.0 46003.6 
All Pits’ U 

b 
\o b (-450,-150) (-450,-150) (40,-  150) (-450,-150) (450,- 150) (-450,-150) 

’Units are in micrograms per cubic meter (ug/m’). 
%nits are in meters with origin being the center of Burn Pit. 
‘Include pits I hrough 6 and the Bum Pit. 



TABLE D.4-12 

CONCENTRATIONS" (UNIT EMISSION RATES) AT DISCRETE RECEPTORS FROM ALLb 
OPERABLE UNIT 1 SOURCES RELEVANT TO FUTURE SCENARIO 

1987 1988 1989 1990 1991 I992 

Crosby Elementary School 936.5 814.8 923.7 720.4 685.6 861.5 
Morgan Elementary School 

Elda Elementary School 

402.9 398.5 356.5 335.0 300.4 445.8 
1495.7 1667.0 1951.6 2103.2 1816.2 1543.1 

Saint Johns Elementary School 612.8 677.9 752.5 752.4 692.6 711.3 

Ross High School 1130.1 1322.1 1412.6 1273.7 1069.4 1076.4 

Ross County Daycare Nursery 1452.1 1698.7 1825.0 1600.4 1353.7 1324.4 

'Units are in micrograms per cubic meter (ug/m3). 
bInclude pits 1 through 6 and the Burn Pit. 



TABLE D.4-13 

COMPARISON OF ISCLT2 MODEL PREDICTIONS 
TO AMBIENT RADON MONITORING DATA 

FOR THE BASE YEAR 1992 

.*-, 

FEMP-OlRI-3 D W  
October 12, 1993 

Fernald Station 1992 ISCLl-2 Ratio of 
Model to Monitoring Annual Average Model 

Station ID Concentration Prediction Monitoring 
(pCi/m’)* (pCi/m3)** Data 

AMS 1 

AMs 2 

AMS 4 

AMs 6 

AMS 7 

AMs 8 

AMs 9 

AMs 10 

AMs 1 1  

0 

0 

0 

0 

1,100 

100 

200 

300 

100 

0.48 1 

0.224 

0.162 

1.02 

0.217 

0.316 

0.491 

0.042 

0.024 

I 

1.45 x 104 

6.32 x 104 

8.18~ 104 

6.00~ lo5 
4.80 x lo5 

* These concentrations include the subtraction of the 1992 annnual average 
background concentration of 400 pCi/m3. 

** Includes the contribution from all Operable Unit 1 radon sources. 

(I .2 4.’. 7 

D43 1 



0 200' FEET 

FIGURE 0.4-1. OPERABLE UNIT 1 SOURCES FOR CURRENT SCENARIO FERNALD, OHIO 

. 



SO4 

0 200' FEET 

FIGURE 0.4-2. OPERABLE UNIT 1 SOURCES FOR FUTURE SCENARIO FERNALO, OHIO 

m a 
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I I 

SCALE: 

0 , 2500 FEET 

FIGURE D.4-3. OU-1 COARSE MODELING GRID FERNALD, OHIO, I 
A- .-- - @ 2 4 4 

D434 



0 

FIGURE 0.4-4. REFINED GRID FOR ON SITE RECEPTORS FERNALD,ONlO 

Ih a 



0 1000 ' FEET 

FIGURE D.4-5. REFINED GRID FOR OFF SITE RECEPTORS FERNALD,OHlO 



AlTACHMENT D.1 

ON-SITE METEOROLOGICAL 
DATA STAR SUMMARIES 

FOR 1987-1992 

FEWOU 1 RIIDC. 12MAD.4\W- 15-93 1 : O l p  



1987 METEOROLOGICAL STAR SUMMARY FOR FEMP : 

. 0 0 0 1 3 8 . ~ . ~ 1 3 8 . O O O 1 3 8 . ~ . ~  

.OOO138.~.OOO138.OOO138.OWOOO.~ 

. 0 0 0 1 3 8 . O O O 2 7 6 . ~ 8 2 8 . O . ~ . ~  

.000000.000552.000690.000138.OOOOOO.MXXKXl 

. 0 0 0 1 3 8 . O O O 2 7 6 . 0 0 0 2 7 6 . 0 . ~ . ~  

. 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 . 0 0 0 0 0 0 . m . m  

. 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 . m , m . m  

. 0 0 0 0 0 0 . 0 . 0 0 0 1 3 8 . 0 . 0 0 0 0 0 0 . m  

.-.W14.0015 17.ooOOOO.(looOOO.ooOOOO 

.000000.00124 1.003447.0004 14.ooOOOO.oc)OOOO 

.000000.m66.002344.000000.OOOOO0.m 

.000000.000828.001379.m.OOCMXK).000000 

.000000.00M76.000690.000414.000000.00000 

. 0 0 0 1 3 8 . O O O 1 3 8 . ~ 7 6 . O O O 5 5 2 . O . ~  

.000000.000000.0004 14.0004 14.0001 38.OOOOOO 

.000000.0004 14.0001 38.OOOOCKl.m.OOOOCKl 

.000000.=76,000552.000000.OOOOO0.m 

.~.O828.~344.OOO138.OOOCK@.OCHXXN 

.000276.000828.000276.000690.0.0 

.0001276.000690.000276.000138.000000.000000 

. 0 0 0 0 0 0 . 0 0 0 8 2 8 . 0 . m . m . m  

.000000.000138.000000.000000.0.000000 

. 0 0 0 1 3 8 . O O O 2 7 6 . O O O 1 3 8 . ~ 1 3 8 . ~ . ~  

. 0 0 0 1 3 8 . O O O 1 3 8 . O O O 1 3 8 . ~ . ~ . ~  

. 0 0 0 1 3 8 . o O O 9 6 6 . ~ 2 0 6 9 . O 7 6 . ~ . ~  

.000276.001241.002758.000138.000000.000000 

. 0 0 0 5 5 2 . 0 0 1 1 0 3 . 0 0 2 0 6 9 . 0 0 0 0 0 0 . 0 . ~  

.000138.OOO966.oO1379.OOO138.0O0OOO.~ 

.000000.000690.000828.000276.000000.000000 

.000276.001103.000828.000552.000000.000000 

.000000.000138.0004 14.ooOOOO.oaooOO.m 

.000276.000690.000828.000000.000000.0000 

. 0 0 0 1 3 8 . 0 0 0 6 9 0 . 0 0 0 9 6 6 . 0 . ~ . ~  

.OOO276.OO124 1 .Oo1379.O004 14.ooOOOO.ooOOOO 

.0006~.~069.OOO552.OO1241.000000.000000 

.ooo4 14.00124 1 . O O O 2 7 6 . O O O 1 3 8 . ~ . ~  

.000552.000690.000000.0.000000.000000 

. 0 0 0 2 7 6 . 0 0 0 2 7 6 . 0 . ~ . 0 0 0 0 0 0 . 0  

.000138.0276.000138.000000.000000.CUNKQo 

.000414.000828.000414.~.OOOOO0.000000 

.OOO4 14.0015 1 7 . O O O 8 2 8 . O O O 1 3 8 . ~ . ~  

.001379.003861.001931.00276.000000.~ 

.001103.003723.OOl379.0004 14.ooOOOO.000000 

.W 14.001 24 1.001 103.0004 14.ooOOOO.OCHXXN 

.OOo414.O01241 .OO1241 .CKXE76.O.OOOOOO 

.ooO276.OOO966.OOO828.ooO276.ooO138.~ 

. 0 0 0 2 7 6 . 0 0 1 3 7 9 . 0 0 1 1 0 3 . ~ . ~ . 0 0 0 0 0 0  

.002925.005653.009790.ooO828.000000.000000 

.002386.009790.010893.004137.000000.0O0OOO 

D-I- 1 



%?@% 
1987 ME'l'EOROLOGICAL STAR SUPVEMARY FOR FEMP (Continued) 

.004759.015856.010893.OO193 1.000000.000000 

.008523.024266.017648.005240.000000.000000 

.006661 BO5791 .W15 1 7 . O O O 1 3 8 . ~ . ~  

.003883.002620.000000.0.000000.000000 

.003053.002482.000552.000000.000000.000000 

.002777.002896.0015 17.000552.000000.000000 

.004307.005 102.002069.000276.0.000000 

.005 162.01227 1.004 137.001 655.ooOOOO.ooOOOO 

.006155.01Wl .OO9238.OOO828.OOO552.~ 

.OO7242.013650.006756.OO3861.000276.000000 

.MI57 19.01 35 12.014477.OO3723.O.ooooOO 

.004335.0 13374.007997.00 15 17.000000.000000 

.002940.009927.007997.001655.000414.000000 

.004596.008824.oo6o67.002482.~76.000000 

.003487.005240.000690.OOO138.ooOOOO.ooooOO 

.002508.003 172.001793.000276.000000.000000 

.003203.OO3723.OOO828.000000.000000.000000 

.O 125 19.01 1996.00 193 1 .000000.O.CKHXlO 

.011648.003172.000276.000000.000000.000000 

.(XI638 1 . 0 0 2 0 6 9 . 0 0 0 1 3 8 . ~ . ~ . ~  

. 0 0 4 8 6 0 . 0 0 2 6 2 0 . 0 0 0 9 6 6 . 0 0 0 0 0 0 . 0 . ~  

.006661.002896.001241.OOO552.0.000000 

.006945.0044 1 2 . O O 2 6 2 0 . O O O 1 3 8 . ~ . ~  

.009055.011582.004412.000414.000000.000000 

.014228.022336.006205.001103.000138.000000 
m1367.OO84 1 1 .004 137.001 103.000000.000000 
.013201 .OO9652.OO3W.OOO276.~.ooOOOO 
.OO7369.006343.OO2W.OOO138.ooOOOO.~ 
.OO9712.003723.001931.~76.CNlOOOO.(XKKKMl 
.OO8185.oM896.OO1379.OOO138.CNlOOOO.~ 
. 0 0 6 5 7 0 . O O O 1 3 8 . ~ . ~ . O O O 1 3 8 . O O O 1 3 8  
. 0 0 5 9 9 4 . 0 . 0 0 0 1 3 8 . 0 . 0 0 0 0 0 0 . m  
. 0 0 6 2 8 0 . 0 . 0 0 0 0 0 0 . 0 . C N l O O O O . O  
. 012646 .002482 .000000 .000000 .0 .m 
. 0 1 7 2 8 8 . 0 0 0 5 5 2 . 0 0 0 0 0 0 . O . 0 . m  
.013558.oooOo.000000.ooOOOO.0.m 
. 0 0 6 8 6 0 . ~ 7 6 . ~ . 0 . 0 . ~  
. O O 4 2 8 7 . O O O 1 3 8 . ~ . ~ . ~ . ~  
.005709.0.000000.000000.000000.m 
. 0 1 0 0 1 9 . O O O 8 2 8 . 0 . 0 . 0 . m  
.O2O476.001931.000000.000000.0.m 
.026874.001241.000000.000000.0 .m 
. 0 2 8 4 1 5 . 0 0 0 4 1 4 . 0 . 0 0 0 0 0 0 . 0 . ~  
. 0 2 5 4 1 3 . 0 0 0 2 7 6 . 0 0 0 0 0 0 . 0 . 0 . ~  
.022554.000138.000000.000000.0.0 
.014281.000276.000000.0.CNlOOOO.m 

D-1-2 



1988 METEOROLOGICAL STAR SUMMARY FOR FEW 

. 0 0 0 1 3 7 . ~ 7 7 5 . 0 0 0 6 1 6 . O O O 2 5 9 . O . ~  

-. 
9 

.000658.000775.002453.001162.000000.000000 

.OOO79O.OO1033.OO1421.000775.0.~ 

.000002.000130.OOO388.ooOOOO.ooOOOO.ooOOOO 

.000000.0.0.000000.000000.000130 

.000000.000000.000000.000000.000000.oooooO 

.000000.000000.0.0.ooOOOO.000130 

.000000.0.000259.000130.oooOo.ooOOOO 

. O O O 5 2 2 . ~ 1 3 0 . ~ . ~ . ~ . ~  

.001045.000388.001162.000130.000000.000000 

.000532.001291.003615.000259.000000.000000 

.000 145.00 1 808 .W27 12.000000.000000.000000 

.OOO536.OO1808.OO3615.~5 17.ooOOOO.ooOOOO 

.000787.000646.002066.000646.oooOo.000000 

.000395.000517.001033.000000.000000.000000 

.000396.000646.000646.000000.000000.0 

.000130.001033.OOO388.0.000000.000000 

.000130.000259.001162.000517.000000.000000 

. 0 0 0 1 3 0 . ~ 1 0 3 3 . O O O 7 7 5 . ~ . ~ . ~  

.000000.0005 17.OOO5 17.ooOOOO.000000.oocNlOO 

.000388.000259.OOO388.000000.000000.000000 

.000130.000000.000000.000000.000000.000000 

.000000.000000.0.000000.000000.000000 

.000259.000000.0.000000.000000.000000 

.000130.ooOOOO.OOO 130.000000.ooOOOO.ooOOOO 

.000388.001033.001550.OOO259.000000.oooooO 

. o O O 7 7 5 . O O 1 5 5 0 . O O 2 0 6 6 . ~ 1 3 0 . ~ . ~  

.0005 17.001550.001550.000259.000000.000000 

.000130.m.OO2324.OOQ259.ooOOOO.ooOOOO 

.0005 17.OOO9O4.OO2324.000388.000000.ooooOO 

.0005 1 7 . ~ 3 8 8 . O 0 1 1 6 2 . ~ 1 3 0 . ~ . ~  

. 0 0 0 6 4 6 . 0 0 0 9 0 4 . 0 0 1 0 3 3 . ~ . ~ . o o o o o O  

.OOO388.oO1033.~775.OOO5 17.000000.000000 

.000388.001162.001421.000259.000000.000000 

.000000.001937.000646.000259.0.000000 

.OOO259.OO1421.000646.000000.0 .~  

.000388.000646.000388.000000.000000.000000 

. ~ 6 4 6 . ~ 5 9 . O O O 1 3 0 . ~ . ~ . ~  

. 0 0 0 1 3 0 . O O O 3 8 8 . ~ . ~ . ~ . ~  

.000259.0005 17.000388.000000.000000.000000 

.000388.000775.000388.000000.000000.000000 

.0005 17.001550.000904.000259.000130.000000 

.0005 17.003228.001 679.000259.000000.000000 

. 0 0 1 1 6 2 . O o 3 2 2 8 . O 0 1 6 7 9 . ~ 5 9 . ~ . ~  

.000259.001550.00 1937.OOO259.ooOOOO.~ 

.000646.001421.002712.0005 1 7 . m . o o o O O o  

.OOO5 17.001 162.001 5 5 0 . 0 0 0 1 3 0 . ~ . ~  

.000130.001033.000904.000000.000000.000000 

.001814.008134.004132.000517.000000.000000 

.W27 18.OO7359.006843.OoO5 17.ooOOOO.(xloOOO 
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4 1988 MITEOROLOGICAL STAR SUMMARY FOR FEMP (Continued) 

.003624.011748.005810.000388.000000.000000 

.005952.016654.004906.O00130.000000.000000 

.005687.004906.001162.000130.000000.000000 

.OO4265.OO2 1 9 5 . O O O 1 3 0 . ~ 1 3 0 . ~ . ~  

.002715.002841.000388.O.000000.000000 

.OO4266.O04 1 3 2 . 0 0 2 3 2 4 . O . 0 . 0 0 0 0 0 0  

.004136.WUXl3.002324.O.000000.m 

.006981.008908.CKl7617.004390.0.000000 

.0093O9.013943.O098 12.00284 1.000259.000000 

. 0 1 1 6 3 5 . 0 1 ~ 6 0 . 0 0 6 5 8 5 . O O 1 0 3 3 . ~ . ~  

.008404.012 136.01 1 4 9 O . O O 1 8 0 8 . ~ . ~  

.004398.09812.012781.002066.000000.000000 

.004783.005681.006197.000517.000000.000000 

.003363.CKl7359.005164.000388.000000.000000 

.Oo3498.OO3357.O01291 .000130.ooOOOO.ooOOOO 

.003366.002066.001291.000130.000000.000000 

.oO2852.OO3873.OOO5 17.OOOOa).ooOOOO.O 

.008552.0683.002582.0.000000.CUKUUKl 

.00634 1.002 1 9 5 . o o O 2 5 9 . o o O O O O . ~ . ~  

.004012.001679.000000.000000.000000.000000 

.004528.001033.000000.000000.~.000000 

. O O 5 6 9 5 . O O 2 7 1 2 . O O 1 4 2 1 . ~ . 0 . ~  

.005054.006068.006197.001937.000000.000000 

.010625.01149O.013169.003615.~.000000 

.014386.018O74.OO9296.00129 1.000000.000000 

.01554O.O1~23.006455.OO1421.000000.000000 

.013607.01609.005035.~59.000000.000000 

.008809.008650.002970.000388.000000.000000 

.006862.004390.001550.000130.000000.000000 

.004921.003486.001162.000259.000000.000000 

.006109.000000.~.000000.OOOOOO.000130 

.005850.000130.000000.000000.000000.~ 

.005719.000000.000000.000000.000000.000000 

.008846.001162.000000.000000.0.000000 

.015468.000259.000000.000000.000000.000000 

.OO8968.WXKlO.O.O.oO130.ooOOOO 

.0074 10.C4lO130.000000.000000.0.000000 

.00585 1.000259.000000.000000.m.000000 

.010141 . O O O 3 8 8 . O . O O O O O O . ~ . ~  

.016906.001421.000000.000130.0.000000 

.0286 15.003228.000000.000000.000000.000000 

.034336.0036 15.000000.000000.000000.000000 

.034318.000904.000000.000000.0.000000 

. 0 3 5 7 4 2 . 0 0 0 0 0 0 . 0 0 0 1 3 0 . ~ . ~ . ~  

.021966.000130.000130.000000.m.000000 

.011832.000646.000000.0.OOOOOO.OOOOOO 



1989 MEIEOROLOGICAL STAR SUMMARY FOR FEW L.. 

.000000.00479.000598.m40.000000.000000 

. 0 0 0 0 0 0 . 0 0 0 3 5 9 . 0 0 0 0 0 0 . m . m . m  

.000000.000837.00024.000000.000000.- 

.000 120.00 1435.00 1077.ooclOOO.ooO00O.m 

. 0 0 . 0 0 1 0 7 7 . ~ . 0 0 0 0 0 0 . 0 . m  

. 0 0 0 1 2 0 . 0 0 0 0 0 0 . 0 . 0 0 0 0 0 0 . 0 . m  

.000000.000000.0.000000.000000.000000 

. O . 0 0 0 0 0 0 . 0 . m . 0 0 0 0 0 0 . m  

.000000.000000.0.000000.000000.000000 

.oooOOo.000837.00 1794.000 120.000000.000000 

.OOOOOO.O263 1.002272.000240.O.CKXKKKl 

.000000.002990.0M392.000000.000000.00000 

.OOO120.OO1435.OO25 11 .KMl120.000000.000000 

.000240.000837.000359.000359.000000.~ 

.000479.00957.000120.CXMXW.ClOOOMl.CKXKKKl 

.OOO 120.ooO240.OO 1 196.CXMXW.0.OOOOOO 

.OOO 120.OoO598.OO 1077.000359.ooO000.CKXKKKl 

.OOOMXl.CXDl79.000120.000000.m.m 

. 0 0 0 3 5 9 . 0 0 0 5 9 8 . 0 . ~ . ~ . ~  

.ooO240.002153.000598.~.000000.CKXKKKl 

. O O O 7 1 8 . o o O 2 4 0 . ~ . ~ . ~ . ~  

. 000120 .000000 .0 .oooooo .m.m 

.000000.m.W120.000000.000000.CKXKKKl 

. 0 0 0 2 4 0 . 0 0 0 0 0 0 . 0 . ~ . O O O O O 0 . ~  

.OOOMXl.000359.0120.-.000000.OOOOOO 

.OOo359.O01435 .00 1 O~~.~~OOOO.OOOOOO.~~OOOO 

.OOO718.OO1674.OO1913.~120.~.CKXKKKl 

.000120.OO3 109.001 196.000120.000000.000000 

.000598.001196.0007 1 8 . O O . 0 . O O O M X l  

. O O O 3 5 9 . o o O 7 1 8 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 . ~  

.oo(n40.000598.000240.000000.~.OOOOOO 

.000240.000479.000718.000120.000000.~ 
,000000.01077.001 1 9 6 . W 3 5 9 . 0 . 0 0 0 0 0 0  
.000479.000837.000479.000120.000000.000000 
.OOO359.Ml1674.001316.000000.000000.m 
.0013 16.002 1 5 3 . O O O 1 2 0 . O 0 O O 0 O . ~ . ~  
.001 3 1 6 , O O O 9 5 7 . ~ . ~ . ~ . ~  
. 0 0 0 4 7 9 . 0 0 0 5 9 8 . 0 . ~ . 0 0 0 0 0 0 . O O O M X l  
.000359.OOO718.000240.0.000000.000000 
. m . 0 0 0 3 5 9 . 0 . m . m . 0 0 0 0 0 0  
.000000.001077.000359.000120.000000.000000 
. 0 0 0 4 7 9 . 0 0 1 6 7 4 . 0 0 1 1 9 6 . 0 0 0 0 0 0 . ~ . ~  
.OOO837.OO3229.OO2033.OOO120.000000.000000 
.001077.002750.001316.~.000000.000000 
.OOO598.001435 .OOO837 .W 120.000000.000000 
.000240.0013 16 .W7 1 8 . 0 0 0 0 0 0 . m . w  
.000359.001196.000718.~.000000.OOOMXl 
.000240.001196.0007 18 .OOOOW.~.000000 
. 0 0 3 4 6 8 . 0 1 2 6 7 4 . 0 1 1 3 5 9 . 0 0 1 7 9 4 . ~ . ~  
.006218.014587.011957.000598.000000.~ 
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989 METEOROLOGICAL STAR SUMMARY FOR FEMP (Continued) 
.. , 

.007772.016858.00920.000000.000000.(XXKKRl 

.009326.021880.006696.OOO120.~.~ 

.0068 1 5 . 0 0 6 3 3 7 . O O O 4 7 9 . ~ . ~ . ~  

.005620.002392.000000.000000.0.000000 

.004066.002392.000120.0.000000.000000 

.003707.001674.000479.000120.000000.000000 

.004305.007294.002392.OOO240.0.000000 

.007772.014348.006337.OOO479.000000.CKXMXK) 

.011120.015065.006218.OOO718.000000.000000 

.01O761 .OO8609.00538 l.OOO240.UXKNN.ooOoo 

.008609.007294.005500.OOO479.0.000000 

.004066.009207.007294.001077.000000.000000 

.005739.008848.007772.000837.000000.000000 

.004 185.OO8968.OO3826.OOO479.UXKNN.~ 

.004916.005022.000837.000000.000000.000000 

.004076.003826.000359.000240.000000.00000 

.004674.003229.ooM40.000000.000000.000000 

.011264.006815.000598.MKWKI.000000.000000 

.OO8025.0019 13.000120.MKWKI.ooOOOO.ooOOOO 

.003233.000120.000000.000000.0.(XXKKRl 

.00455 1.000957.000000.000000.000000.000000 

.006350.003348.000359.000000.000000.000000 

.OO779O.O0538 1.002 153.OOO240.ooooOO.ooOOOO 

.015102.011478.007055.001674.0.~ 

.025648.019608.006696.000359.0.000000 

.O23479.OO9087.O01794.~.0.~ 

.015 1 0 0 . 0 1 0 4 4 . 0 0 4 6 6 3 . 0 . U X K N N . ~  

.O 1 1508.0101 63.005859.O00957.~.~ 

.009466.00538 1.001674.000120.000000.000000 

.00659O.OO3229.OOO7 18.000359.UXKNN.000000 

. 0 0 1 8 7 1 . 0 0 0 0 0 0 . ~ . 0 . ~ . ~  

.002869.000000.0.000000.UXKNN.000000 

.003617.0.000000.0.000000.0 

.O05269.000718.000000.000000.0.~ 

.010226.000000.0.m.UXKNN.-  

.008355.000000.000000.0.000000.000000 

.005487.000000.000000.000000.000000.~ 

.006360.000000.000000.000000.000000.oooOoo 

.007488.000120.000000.000000.0.~ 

.013115.000479.000000.0.000000.000000 

.025979.000957.000000.000000.000000.UXKNN 

.040429.000598.000000.000000.UXKNN.~ 

.044 155.000240.000000.000000.000000.~ 

.0389 12.000 120.000000.000000.0.- 

. 0 2 2 9 5 6 . 0 0 0 2 4 0 . 0 . 0 0 0 0 0 0 . U X K N N . ~  

.008735.ooO 120.000000.000000.0.- 



1990 METEOROLOGICAL STAR SUMMARY FOR FEMF' 

.000150.000599.000150.000449.m.0 

. - 
. 0 0 0 4 4 9 . m . m . m . m . 0  
. 0 0 0 4 4 9 . 0 0 0 8 9 8 . 0 . ~ . ~ . 0  
. 0 0 1 6 4 6 . 0 0 1 9 4 6 . 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 . ~  
. 0 0 0 5 9 9 . 0 0 0 7 4 9 . 0 . m . m . o o  
.000749.000150.000000.000000.0.0 
. O o o u X ) . m . 0 . m . o o o o O O . m  
. 0 0 0 1 5 0 . 0 0 0 3 0 0 . 0 . 0 . o o o o O O . 0  
.OOOOCKI.000300,000150.000000.m.0 
.OoO150.O02O95 . O O 2 9 9 3 . O O O 1 5 0 . ~ . ~  
. O O O 5 9 9 . O 0 2 O 9 5 . O O 1 3 4 7 . ~ . ~ . ~  
.00 1048.00 1796.00 1 1 9 8 . O  150.ooOOOO.oooooO 
.OOO599.OO1347.OO2245.OOOl50.ooooOO.~ 
. 0 0 0 4 4 9 . 0 0 0 5 9 9 . 0 0 0 3 0 0 . m . 0 . m  
. 0 . 0 0 0 7 4 9 . 0 0 0 5 9 9 . m . m . m  
.OOO599.000449.000449.000150.000000.000000 
. 0 0 0 0 0 6 . 0 0 0 4 4 9 . 0 . 0 0 0 1 5 0 . O O o . 0  
.0.m.0.m.OOo.m 
. O O O 3 0 5 . 0 0 0 1 5 0 . 0 . 0 0 0 0 0 0 . 0 . ~  
. 0 0 0 0 0 7 . 0 0 0 5 9 9 . 0 . 0 . O O o . m  
. 0 0 0 3 0 8 . 0 0 0 4 4 9 . 0 0 0 3 0 0 . 0 . 0 . ~  
. 0 0 0 0 0 6 . 0 0 0 4 4 9 . 0 . m . O O O O O . 0  
.000455.000000.0.- . ( )ooooo.m 
. 0 0 0 0 0 0 . 0 . 0 . m . 0 . 0  
. 0 0 0 1 5 2 . 0 0 0 0 0 0 . 0 0 0 1 5 0 . 0 . 0 . m  
.OOO 1 6 9 . O O 1 4 9 7 . ~ 1 3 4 7 . ~ . 0 . ~  
.OOO321 . O O l 4 9 7 . 0 7 4 9 . o o o o O O . m . m  
.000470.001347.000449.000000.0.0 
. 0 0 0 4 6 2 . 0 0 0 5 9 9 . 0 0 1 1 9 8 . O W 3 0 0 . ~ . ~  
.OOO 159.000599.000449.000 150.(xlooOo.000000 
. ~ 1 6 . 0 0 1 3 4 7 . 0 0 1 3 4 7 . 0 . m . m  
.OOO164.OO1O48.OOO898.OOO150.()ooooo.~ 
.ooO 1 5 0 . O O O 7 4 9 . o o O 3 O O . ~ . ~ . ~  
.000150.000300.000449.000300.000000.~ 
.000150.000898.000449.000000.0.OoO 
.OOO898.~1 6 4 6 . 0 0 0 3 0 0 . ~ . ~ 0 0 0 0 0 0  
. 0 0 0 4 4 9 . 0 0 0 4 4 9 . 0 . m . m . m  
.000000.000150.000000.0.0.O 
. O o O 7 4 9 . O O o . m . m . m . m  
. 0 0 0 4 4 9 . 0 0 0 4 4 9 . m . m . m . m  
. 0 0 0 1 5 0 . 0 0 0 7 4 9 . 0 0 0 3 0 0 . 0 . ~ . ~  
. 0 . 0 0 2 0 9 5  .OO2245 .000150.ooOOOO.O 
.OOO449.002245 .OO2544.OOO3OO.O.m 
.000749.002095 .00 1 198 .OOO 150.ooOOOO.ooOOoO 
. 0 0 0 4 4 9 . 0 0 0 8 9 8 . 0 0 1 4 9 7 . O W 7 4 9 . 0 . ~  
. ~ 7 4 9 . O O O 7 4 9 . O O O 1 5 0 . o o O 1 5 0 . ~ . ~  
.000599.001946.001946.0.OOOOCKI.O 
.000599.001497.001O48.000150.0.000000 
.001232.011672.005986.000300.0.000000 
. 0 0 3 6 2 5 . 0 0 8 9 7 9 . 0 0 2 3 9 5 . 0 0 0 1 5 0 . ~ . ~  

. n *. 1 

.. 
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1990 ME"EOR0LoGICAL STAR SUMMARY FOR FEW (Continued) 

. 0 0 6 3 2 3 . 0 0 8 0 8 1 . 0 0 3 5 9 2 . 0 . 0 . ~  

. 0 0 6 7 8 7 . 0 1 3 4 6 8 . ~ 3 3 3 . ~ . ~ . ~  

. 0 0 5 5 6 5 . 0 0 5 0 8 8 . 0 0 0 5 9 9 . 0 . 0 . ~  

. 0 0 5 7 0 5 . 0 0 1 1 9 8 . 0 . 0 . 0 . ~  

. 0 0 3 6 0 6 . 0 0 1 9 4 6 . 0 0 0 3 0 0 . 0 . 0 . ~  

. 0 0 3 0 1 6 . 0 0 5 8 3 6 . 0 0 0 7 4 9 . 0 . 0 . ~  

.004372.007781.007033.001646.0 .O 

.006492.015263.016011 B O 1 6 4 6 . O . m  

.008739.014U66.007183,001048.OOOMXl.OOOOO0 

.OO9318.006135.OO3891 .OO3292.OOO150.~ 

.007525 .OO8829.0 1 O924.oO2844.OOOMXl.OOOaX) 

.004677.OO9876.009577.001497.000000.000000 

.005 126.OO9427.OO9427.OOOMXl.OOOMXl.m 

. 0 0 3 7 8 7 . 0 1 3 6 1 7 . 0 0 7 4 8 2 . 0 0 0 5 9 9 . 0 . ~  

. 0 0 7 1 1 2 . 0 0 6 2 8 5 . 0 0 0 5 9 9 . 0 . 0 . ~  

.004224.003592.000749.0150.0.000000 

.005082.OO2O95.000749.000000.0.0 

.010191 . O O 7 0 3 3 . O O O M X l . ~ . ~ . o o O O O O  

. 0 1 2 2 2 9 . 0 0 1 6 4 6 . 0 . 0 . 0 . ~  

. 0 0 6 2 2 0 . 0 0 0 0 0 0 . 0 . O O O M X l . m . m  

. 006887 .0449 .000150 .OOOMXl .m.m 

.007742.003741 .001198.0.CKKXKK).oOOKlO 

. 0 0 9 8 4 8 . 0 1 1 5 2 2 . 0 0 5 5 3 7 . ~ 4 9 . 0 . 0  

.016 128.022 146.OO9727.OolO48.~.OOOOO0 

.036086.017657.00673.0300.000000.0000 

.026367.00808 1 . 0 0 3 4 4 2 . 0 0 0 5 9 9 . 0 . ~  

.M215 1 .OO7033.006884.001946.oo0000.axlOOO 

.017586.00793 1.005238.0300.OOOMXl.O 

.011238.005986.001946.0150.0.000000 

.009955.003442.00 1 198.OMlOMl.O.axlOOO 

. o O 2 8 7 3 . 0 4 4 9 . 0 . ~ , O O O M X l . ~  

. 0 0 3 7 9 6 . 0 . 0 . 0 , 0 . m  

.003 1 6 3 . ~ . O . O O O M X l . ~ . ~  

. 0 0 7 2 7 5 . 0 . 0 . 0 . C K K X K K ) . m  

. 0 1 2 1 7 7 M K X X K l . 0 . 0 . m . m  

. O o 6 0 1 0 . 0 0 0 0 0 0 . m . O O O M X l . 0 . m  

. 0 0 3 4 8 8 . O 1 5 O . O . 0 . C K K X K K ) . o o O O O O  

. 0 0 4 4 3 7 . 0 1 5 0 . ~ . ~ . 0 . ~  

. 0 0 6 9 8 4 . 0 4 4 9 . O . 0 0 0 0 0 0 * m . m  

. 0 1 1 6 2 1 . 0 0 1 3 4 7 . 0 . 0 0 0 0 0 0 . 0 . ~  

. 0 1 8 4 4 7 . O O 1 7 9 6 . ~ 1 5 0 . ~ . ~ . ~  

. 0 3 0 2 8 2 . 0 0 1 3 4 7 . 0 . 0 0 0 0 0 0 . 0 . ~  

. 0 2 6 8 9 3 . 0 1 5 0 . 0 . ~ . 0 . ~  

. 0 3 1 1 5 4 . 0 0 0 0 0 0 . 0 . 0 . 0 . m  

.025 1 4 5 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 . m . m  

. 0 0 8 4 1 6 . 0 0 0 5 9 9 . 0 . 0 . C K K X K K ) . ~  

. .. . -.. I 
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1991 METEOROLOGICAL STAR SUMMARY FOR FEMP 

.ooO987.~838.OO185 1 .000000.000000.000000 4 

.00074 1 .OO3824.O0074 1 .000000.000000.000000 

.002 8 3 8 .OO7402.00222 1 .000000.000000.000000 

.008 142.010855.004071 .MXE47.0.000000 

.004811.003824.000371.000124.000000.000000 

.OO3208.OO185 1.000000.000000.000000.000000 

.OO1 85 1.000864.0.000000.0.000000 

.002591.OO1111.0.~.0.000000 

.OO2961 . O O 3 0 8 4 . ~ W . ~ . ~ . ~  

.004811.011595.006291.000124.0.000000 

.006785.011595.OO5181.000371.~.000000 

.oO7895.OO9128.OO48 1 1 .OOO124.ooOOOO.oOOOO0 

. O O 4 0 7 1 . 0 1 ~ 7 9 . ~ 9 3 5 . 0 0 0 6 1 7 . ~ . ~  

.0027 14.OO4688.OO5798.O94.c)oOOOO.0 

.002591.002591.OO1851.000000.000000.0 

.OO148 1 .OO3208.O0148 l.oOO124.ooOOOO.000000 

.000247.001111.000987.000000.0.000000 

.OOO371.00037 1 .OOO617.OOO124.~.~ 

.000494.000864.000494.000000.000000.000000 

.000987.OOl234.000494.000000.000000.000000 

.OOO864.OOO741.000000.000000.~ .~  

.00074 1 .00037 1.000000.000000.0.000000 

.000247.000247.0.~.000000.Ooo 

.000741.000124.000247.000000.~.000000 

.OO1727.OO1481 .OOO371.ooOOOO.ooOOOO.000000 

.OO148 1.002097.000864.0.000000.000000 

.OO1604.002591.OO1234.0.000000.000000 

.OO1604.~87.O01481 .000000.oO.000000 

.00185 l .OO1727.OoO864.OOO247.~.Ooo 

.000741.000617.ooO4~.ooO124.OOOOO0.~ 

.000617.000864.000741.000000.000000.~ 

.000494.000864.000987.000000.OOOOO0.0 

.000741.000987.000987.000124.000000.~ 

.OOO247.OO1604.00037 1 .000000.000000.0 

.000371.OO1357.ooO494.0.000000.0 

.OO 1357.OOO987.OOO 124.c~xlOOO.000000.- 

. O O l 7 2 7 . 0 0 0 8 6 4 . 0 . 0 1 2 4 . 0 0 0 0 0 0 . ~  

.CHI148 1.000617.0.000000.0.0 

.OOO864.MXE47.000000.000000.0.~ 

.OOO371.ooO247.000000.000124.000000.000000 

.000494.OO1234.000371.0.OOOOO0.oCHXKXI 

.ooo194.OO 1974.00 1974.000000.000000.0 

.OO1974.02714.000987.000000.00000.OOOOO0 

.OOO864.OO1604.000741.000124.~.000000 

.002097.OO1234.000741.000124.000000.0 

.~17.001974.OOO371.ooO124.000000.~ 

.OOO494.OO1481 .O94.000000.0.000000 

.OOO617.ooO124.OO111 1 . 0 . O O O O O 0 . 0  

.002678.009869.007 155.000247.OOOOO0.000000 

.004653.08 142.OO2714.000247.OOOOO0.ooooOO 
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1 METEOROLOGICAL STAR SUMMARY FOR FEm (Continued) 
*-* - 4 v $  

,006752.006291.002344.000124.000000.000000 
,007986.005 18 1 .W03 1 .oO1357.000000.- 
,lO4735.02097.000494.000000.000000.000000 
,002736.OoO37 1.000000.000000.0.000000 
.OO2247.OO148 1.000000.000000.000000.000000 
002996.02097.000864.000000.000000.000000 
003520.06045.02838.Wl247.000000.0 
.010789.015296.007772.0494.000000.000000 
.014497.012582.003948.000000.000000.0000 
.011602.OO7155.OO4935.OOO74 1.000000.000000 
.OO7674.0138 16.008882.Oo987.O.WOOMI 
.008~6.007525.005798.Oo987.000000.00000 
.005014.006538.001974.000124.000000.000000 
.OO4405.O08 142.003578.OOO247.c)oOOOO.000000 
.004311.001111.000247.000000.0.000000 
.002417.0987.000124.0.000000.000000 
.003187.001604.000000.000000.000000.000000 
.Oo9926.W 194.OOO124.OaXXK).ooOOOO.000000 
.007586.000987.000000.0.000000.000000 
. O O 4 2 8 9 . O 0 0 1 2 4 . ~ . ~ . ~ . ~  
.MI53 1 4 . O O O 8 6 4 . o o O O O O . ~ . ~ . ~  
.004461.02221.000864.000000.000000.000000 
,010342.00592 1 . O O 2 4 6 8 . O 0 0 1 2 4 . ~ . ~  
.013744.011595.OO4318.Oo987.000000.000000 
.026036.008758.02344.000124.000000.~ 
.024452.005551.001111.OOO247.000000.00000 
.015464.003824.001357.000000.oOOO0.m 
.010 153.OO3084.OOO74 1 .000124.ooOOOO.ooOOOO 
.009732.001111 .OOO371.ooooOO.ooOOOO.~ 
. m 9 6  1 .000864.ooo6 17.000000.000000.000000 
.005 192.000000.ooOOOO.oo(lOOO.m.m 
.004919.000000.000000.0.000000.000000 
.004373.000000.000000.000000.000000.000000 
.0077 18.0006 17.000000.000000.000000.000000 
. 0 1 1 2 0 4 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 . m . m  
.007105.000000.O.0.000000.000000 
. o 0 4 0 9 9 . 0 0 0 0 0 0 . 0 . m . m . m  
.006012.000000.000000.000000.000000.000000 
.007118.000124.000000.000000.000000.000000 
.013690.000247.000000.000000.000000.000000 
.O 1 8O49.O 124.ooOOOO.ooOOOO.0.000000 
. 0 2 3 7 7 4 . 0 0 0 0 0 0 . 0 . 0 0 . m . 0 0 0 0 0 0  
.025700.000124.000000.000000.000000.000000 
.028692.000000.000000.0.000000.000000 
.030209.000124.00.000000.0.000000 
.015056.000247.000000.000000.~.000000 
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.000252.000828.000709.O.oOCKlOO.000000 
Br- 

.OOO995.0(n482.00130.~.000000.000000 

.002100.004254.000591.0.CMxKKKl.~ 

.001 143.004372.001773.000000.000000.000000 

.001463.OO1655 .ooM37.000 1 19.000000.000000 

.000963.000237.000000.0.~.000000 

.000370.000709.000000.000000.0.0 

. 0 0 0 7 2 5 . 0 0 0 3 5 5 . 0 0 0 0 0 0 . 0 . 0 . m  

. O O 1 4 7 8 . O O 2 7 1 8 . O O 1 8 9 1 . ~ . ~ . ~  

. 0 0 1 8 8 2 . O o 5 7 9 O . O 0 3 5 4 5 . ~ . ~ . ~  

. O o 2 8 4 8 . 0 0 6 2 6 2 . O 0 4 0 1 8 . ~ . ~ . ~  

. ~ 1 2 9 . 0 0 6 2 6 2 . O O 1 8 9 1 . ~ . ~ . ~  

.Oo1485.O03 19O.002482.CKIO237.ooCKMlO.m 

.OOO869.~OO9.O014 1 8.OOO355.000000.0 

.000875.002482.002718.000119.000000.0 

. 0 0 0 5 1 6 . 0 0 2 4 8 2 . W 1 0 6 4 . ~ . 0 0 0 0 0 0 . 0  

. 0 0 0 1 1 9 . 0 0 0 9 4 6 . 0 0 0 5 9 1 . ~ . ~ . 0  

.000237.001064.000473.000000.000000.0000 

. 0 0 1 0 6 4 . 0 0 1 5 3 6 . 0 . ~ . ~ . ~  

. 0 0 0 7 0 9 . 0 0 1 8 9 1 . 0 0 0 5 9 1 . O . m . o  

.001182.000591.000000.000000.0 .0  

. 0 0 0 4 7 3 . 0 0 0 2 3 7 . 0 . m . 0 0 0 0 0 0 . m  

. 0 0 0 9 4 6 . 0 0 0 2 3 7 . 0 . ~ . 0 . ~  

. 0 0 0 8 2 8 . 0 0 0 7 0 9 . 0 . ~ . ~ . ~  

.000709.002482.000355.WXXXl.m.m 

.a l l4  18.002 127.OOO473.clooOOO.000000.m 

.001536.002482.001418.000119.000000.~ 

. 0 0 1 1 8 2 . ~ 1 1 8 2 . O 0 0 1 1 9 . ~ . ~ . ~  

.001 1 8 2 . 0 0 1 0 6 4 . 0 0 0 4 7 3 . 0 . ~ . ~  

. 0 0 0 5 9 1 . 0 0 1 1 8 2 . 0 0 0 2 3 7 . 0 0 0 0 0 0 . 0 . ~  

.OOO591 .oO14 1 8 . O O 1 3 o O . ~ . ~ . ~  

.00059 1.00059 1 . 0 0 0 7 0 9 . 0 0 0 0 0 0 . 0 . O  

.000473 .000591 .000709 .000000 .0 .~  

.OCXl709.001064.000355.000000.0000.m 

.001418.001536.tKXD37.m.000000.000 

.ooop46.001536.000355.000000.000000.0000 

. 0 0 1 4 1 8 . 0 0 0 2 3 7 . 0 0 0 1 1 9 . 0 . 0 0 0 0 0 0 . ~  

. 0 0 0 8 2 8 . 0 0 0 2 3 7 . 0 0 0 0 0 0 . 0 . m . m  

.00059 1 . 0 0 0 2 3 7 . 0 0 0 0 0 0 . m . m . m  

.000473.000828.000237.000000.000000.~ 

. 0 0 1 1 8 2 . 0 0 1 7 7 3 . 0 0 0 8 2 8 . 0 . 0 . ~  

.002009.0027 18.000591 .OOO(XlO.m.OOOCMX) 

.002 127.OO1064.OOO946.~119.000000.~ 

.00 1773.00 1 0 6 4 . 0 0 0 1 1 9 . 0 0 0 . ~ . ~  

. 0 0 1 0 6 4 . 0 0 1 0 6 4 . 0 0 0 7 0 9 . 0 0 0 1 1 9 . ~ . ~  

.~7O9.Oo1536.O00591 .000119.000000.000000 

. ~ 6 . o O 1 0 6 4 . 0 0  1655.OOO237.ooOOOO.m 

. 0 0 0 7 0 9 . 0 0 0 9 4 6 . 0 0 0 7 0 9 . ~ . ~ . ~  

. 0 0 3 9 6 0 . 0 0 9 0 9 8 . 0 0 5 4 3 5 . ~ . O O O O O 0 . ~  .. 

. O O 5 1 6 1 . 0 1 1 9 3 3 . 0 0 3 5 4 5 . ~ . ~ . ~  ft2.CiBrn\ 
. -  1 
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.008607.012760.000709.000000.000000.000000 

.014433.014887.003545.0.000000.000000 

.005605.005435.09 1 . 0 . 0 0 0 0 0 0 . m  

.004523.002600.000000.000000.000000.~ 

.004402.002009.000000.000000.000000.000000 

.006190.003663.0oO237.000119.000000.000000 

.006560.006617.002600.000000.~.000000 

.009921.01465 1 A K I 3 6 6 3 . 0 . 0 0 0 0 0 0 . m  

.009914.012!N7.003663.O00355.000000.~ 

.01192 l.OlO752.OO2954.~119.000000.000000 

.014057.010634.005672.000119.000000.000000 

.007911.016187.008507.000000.000000.000000 

.007527.010397.006971.0709.000000.000000 

.005262.008271.004136.000237.000000.000000 

.004909.00 1773.000000.0001 19.000000.000946 

.003228.002482.000709.000000.0.WKMM 

.004538.001536.000000.000000.000000.~ 

.011159.00378 1.000237.0.000000.000000 

. 0 0 8 7 9 2 . 0 0 1 6 5 5 . 0 . 0 . 0 . ~  

. 0 0 6 3 3 0 . 0 0 0 4 7 3 . 0 . 0 . 0 0 0 0 0 0 . ~  

.007196.001064.000591.000000.000000.~ 

.007995.003545.001182.000355.000000.000000 

. 0 1 1 2 4 3 . 0 1 1 1 0 6 . 0 0 1 6 5 5 . 0 . ~ . ~  

.O20584.015OO5.OO 1 7 7 3 . m . O . o O C X X K )  

.O28202.0 1 3824.002 127.000 1 19.000000.000000 

.020312.005317.000709.000119.000000.000000 

.015106.005908.001182.000119.000000.000000 

. 0 1 3 5 2 3 . O O 5 7 9 O . O O 1 0 6 4 . 0 0 2 3 7 . ~ . ~  

.010279.002718.000119.000119.000000.000000 

. 0 0 8 2 0 5 . 0 0 2 3 6 3 . 0 0 0 9 4 6 . ~ . 0 . ~  

.W69 13.0001 1 9 . 0 0 0 0 0 0 . 0 . 0 . O O O O O 0  

.005377.000000.000000.0.000000.m 

.004412.000000.000000.0.000000.m 

.009315.000473.000237.OOOCNXl.000000.~ 

.009985.000355.000000.000000.0.WKMM 

.006775.000119.000000.0 .0 .000000 

. 0 0 6 5 9 8 . 0 0 0 7 0 9 . 0 . 0 . 0 . ~  

. 0 0 3 7 6 2 . 0 0 0 2 3 7 . 0 . 0 0 0 0 0 0 . 0 . ~  

.00705 1.000946.000000.0.000000.000000 

.013175.OO2127.O00591 . 0 0 0 0 0 0 . O . m  

.019260.001418.000000.0 .0 .000000 

. 0 2 4 0 4 6 . 0 0 0 3 5 5 . 0 . 0 . O O O o O . ~  

. 0 2 6 6 4 5 . ~ 3 7 . O 0 0 1 1 9 . 0 . ~ . ~  

. 0 2 6 6 0 6 . 0 0 0 0 0 0 . 0 . ~ . ~ . ~  

.026547.000473.000237.000000.OOOoO.000000 

.013136.000237.000237.0.000000.000000 
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AlTACHMENT D.11 

WIND ROSE SUMMARIES 
FOR 1987-1992 
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'I 0 2 6 F l G U R E  D-ll-2. WIND ROSE FOR THE FEMP SITE YEAR - 1988 FERNALD 
ENVIRONMENTAL MANAGEMENT PROJECT FERNALD, OHIO 
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I WIND SPEED SCALE (KNOTS) 

NOTE - WIND. DIRECTION IS THE 
DIRECTION WIND IS BLOWING FROM 
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FIGURE D-11-3. WIND ROSE FOR THE FEMP SITE YEAR - 1989;FERNALU" " 
ENVIRONMENTAL MANAGEMENT PROJECT FERNALD, OHIO 
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FIGURE D-fl-4. WIND ROSE FOR THE FEMP SITE YEAR - 1990 FERNALD 

D-II4 

ENVIRONMENTAL MANAGEMENT PROJECT FERNALD, OHIO 
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flGURE D-11-5. WIND ROSE FOR THE FEMP SITE YEAR - 1991 FERNALD 
ENVIRONMENTAL MMAGEMENT PROJECT FERNALD, OHIO 
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flGURE D-U-6. WIND ROSE FOR THE FEMP SITE YEAR - 1992 E R N U  
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ATI'ACHMENT D.111 

SAMPLE ISCL"2 MODEL OUTPUT 



ISCLT2 - (DATED 93109) 

i *- 4111 

IBM-PC VERSION (2.1 1 ISCLTW 
(C) COPYRIGHT 1992, TRINITY CONSULTANTS. INC. 
SERIAL NUMBER 10295 SOLD TO E R W  8 ROOT ENVIRONMENTAL 

R u n  Began on 7/16/1993 a t  15:11:18 

*- TRINITY SOURCE FILE NME: C:\WQ)ELS\ISCLT2\WltUR.PNT 
** TRINITY RECEPTOR FILE NAME: C:\MODELS\ISCLTZ\IONM.REC 
CO STARTING 
CO TITLEONE HOT SPOT MQ)ELING FOR euXIwulo11 SITE CONCENTRATIONS USING 50 METER 
CO TITLETYO RECEPTOR GRID AND 1987 METEOROLOCICAL DATA FOR CURRENT SCENARIO 
CO MOOELOPT DFAULT C4WC RURAL 
CO AVERTIME ANNUAL 
CO POLLUTID POLL1 
CO TERRHGTS FLAT 
CO ELEVUNIT METERS 
CO RUNORNOT RUN 
CO FINISHED 
SO STARTING 
SO LOCATION W l P I T l  AREA -145.00 -165.00 0.00 
SO SRCPARAM W l P I T l  0.100000 0.00 13.00 
SO LOCATION WlPIT2 AREA -69.00 -104.00 0.00 
SO SRCPARM W l P l f 2  0.100000 0.00 57.00 
so LOCATIOW ~ i ~ m i  AREA -145.00 0.00 0.00 
SO SRCPARAM WlP3So1 0.100000 0.00 67.00 
SO LOCATION WlP3SQ2 AREA -78.00 0.00 0.00 
SO SRCPARAM WlP3SP2 0.100000 0.00 61 .OO 
PO LOUTION WlP3SQ3 AREA -222.00 -103.00 0.00 

SO LOCATION WlP3504 AREA -165.00 -65.00 0.00 
SO SRCPARAM W1P~so4  0.100000 0.00 61.00 
so LOUTIOW wipssas AREA - m o o  -40.00 0.00 
SO SRCPARM WlP3So5 0.100000 0.00 6.00  
so LOCATION WlPIT4 AREA 25.00 -45.00 0.00 
SO SRCPARM WIPIT4 0.100000 0.00 82.00 
SO LOCATION WlBPIT AREA -17.00 -20.00 0.00 
SO SRCPARM WlBPlT 0.100000 0.00 43.00 
SO EMISUNIT 1000000.000000 G W I S E C  WICRoERAnS/KT 
SO SRCGRWP SCOUlPTl W l P I T l  
SO SRCGRWP SGWlPT2 QllPIT2 
SO SRCGRQIP SWlPT3  WlP3sOl WlP3SQ2 WlP3sQ3 WlPJsoC QllP3sP5 
SO SRCGRWP SCOUlPT4 WlPITC 
SO SRCGRQIP SCOUlBPT WlBPIT 
SO SRCGRDUP SCOUlALL Q l l P l l l  W l P I f 2  UJlP3Sol oUlPSSo2 OUlP3sQ3 WlP3sOC 
SO SRCCRQIP SCOUlALL GUlP3SO5 QIlPITL OUlSPlT 
SO FINISHED 
RE SIARTIWC 
RE G R I D U R T  ONSTEGRD STA 
RE GRIOCART ONSTEGRD XYINC -500.00 21 50.00 -500.00 21 50.00 
RE GRIDCART ONSTEGUD EN0 
RE DISCCART -1825.00 -2865.00 
RE DISCCART -3460.00 3870.00 
RE DISCCART 4722.DO 19bO.00 
RE DISCURT 6670.00 -4590.00 
RE DISCCART 5500.00 3460.00 
t DISCCART 5000.00 2390.00. 

AE FINISHED 

B SO SRCPARAn W I P S W  O.IOOOOO 0.00 71.00 

D 
D-111-1 0 2.6.8 



ME STARTING' 

ME ANEMHGHT 10.000 METERS 
ME SURFDATA 00000 1987 FEHP 
ME UAIRDATA 00000 1900 DAYTOU 
HE AMSPEED 1'.50 2.50 4.30 6.80 9.50 12.50 
ME AVETEMPS ANNUAL 290.00 290.00 290.00 2w.00 278.00 278.00 
ME AVEMIXHT ANNUAL A 2105.00 1961.00 18~.00 1802.00 1526.00 2369.00 
ME AVEHIYHT ANNUAL B 1103.00 1307.00 1202.00 1201.00 1017.00 1566.00 
ME AVEHIXHT A N U L  C 1103.00 1307.00 1202.00 1201.00 1017.00 1566.00 
ME AVEHIXHT ANNUAL D 1003.00 1307.00 1202.00 1201.00 1017.00 1566.00 
HE AVEWIXHT AMY'JAL E 5000.00 5000.00 5000.00 5000.00 500~.00 5000.00 
ME AVEHlXHT ANNUAL F 5000.00 5000.00 5000.00 5000.00 5000.00 ~000.00 
ME FINISHED 
OU STARTING 
W RECTABLE INDSRC SRCGRP 
QI MAXTABLE 10 INDSRC SRCGRP SOCONT 
OU PLOTFILE ANNUAL StoulPTl C:\)IPDELS\ISCLT32\HOWCURBT.ePH 70 
W PLOTF 1 LE ANNUAL SUUlPTZ C: \IKX)ELS\ISCLT32\HOL1QIR87.GPH 70 
W PLOTFILE ANNUAL SGWlPl3 C:\MQ)ELS\ISCLl32\HOWR87.GPH 70 
W PLOTFILE ANNUAL StQllPTO C:\CUDELS\ISCLl32\HOWQIR87.GPH 70 
OU PLOTFILE ANNUAL StoulBPT t:\IoELS\ISCLl32\HONQIR87.GPH 70 
OU PLOTFILE ANNUAL SGWlALL C:\IoELS\ISCLnZ\HO)(WR87.GPH 70 

.HE INPUTFIL C:\lUOELS\ISCLT2\FEHP87.STR (7X,6F7.6) 

OU FINISHED 

- SETUP Finishes Successfully - 
Q 
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- 1SCLf2 - VERSION 93109 - *** HOT SPOT MmELlNG FOR WXIUWpw SITE CONCENTRATIONS USING 50 METER *** 071 16/93 

PAGE 1 
_- *- RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO *at 1S:ll: 18 

B *" WOOELINC OPTIONS USED: CONC RURAL FLAT DFAULT 

*Vodel Is Setup for Calculation of Average CONCenrration Values. 

*Vodel Uses RURAL Dispersion. 

*Vodel Uses Regulatory DEFAULT Options: 
1. Final Plune Rise. 
2. Stack-tip Domuash. 
3. Buoyancy-induced Dispersion. 
4. Default uind Profile Exponents. 
5. Default Verticsl Potential Temperature Gradients. 
6. Wppar B d u  Values for SIlparsquat EuiIdingo. 
7. No Exponential Decay for RURAL Mode 

**Model Assuns Receptors on FLAT Terrain. 

**Model Assuncs No FLAGPOLE Receptor Weights. 

-del Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 .  0 0 0 
Semons/Quarters: 0 0 0 0 

andAmual: 1 

*ode1 Ass- 1 STAR Sumrmries In Data F i l e  for the Averaging Periods ldatified Above 

**The M o d e l  Assuncs A Pollutant Type of: POLL1 

*.nodel Set To Continue RUWning After the Setq Testing. 

**Output options Selected: 
Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword) 
Model  Outputs Tables of Maxinun L a g  Tern Values ( M A B L E  Keyword) 
Model Outputs Extern81 Filets) of L a g  Term Values for Plotting (PLOTFILE Keyword) 

q i s c .  Inputs: Anan. Hgt. (m) = 10.00 ; Decay Cocf. = 0.0000 ; Rot. Angle = 0.0 
Emission Units = CRAMS/SEC ; Emission Rate Unit Factor = 0.1000DE+07 
Output Units = MIWOeRANS/W3 

-Input Rvvrtream file: C:\naoELS\lSCLT32\HOYQIR8?.DAT ; -put Print Fi le:  C:\MODELS\ISCLT32\HONCUR87.LST 



15: 11: 18 
PAGE 2 07’16’93 c - ISCLT2 - VERSION 93109 - HOT SPOT I#DELING FOR W I M M  ON SITE COWCEWlRATIOIS USING 50 METER - 

HI _- - a E c w m  GRID AND 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO 

..r. UWELING OPTIONS USED: ‘CONC RURAL FLAT OFAULT ’ 

OUlPITl 
W l P l T 2  
GHP~SOI 
WIP~SO~ 
oulPSSa3 
WlP3sD1 
aJ 1 P3SP5 
OUlPIT4 
aJ1BPIT 

-145.0 
-69.0 

-145.0 
-78.0 

-222.0 
-145.0 
-78.0 
2S.0 

-11.0 

-165.0 
-104.0 

0.0 
0.0 

-103.0 
-65.0 
-40.0 
-45.0 
-20.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

73.00 
57.00 
67.00 
61 .OO 
n . 0 0  
67.00 
44.00 
02.00 
43.00 

I -  - -  I -  

D-111-4 
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_- - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR QIRRENT SCENARIO - 15: 11:18 

PAGE 3 
0 FAULT D HQ)ELING OPTIOWS USED: tawC RURAL FLAT 

- SQIRCE 10s DEFINING W C E  GROUPS - 
C R W P  ID SOURCE I D S  

SCWlPTl WlPIT1 , 

SCWlPT2 WlPITZ , 

SGOUIPT~ W ~ P ~ S O I ,  WIP~SPZ, W I P ~ S P ~ ,  OUIP~SQL, WlP3SP5, 

SGWlPT4 WlPlTL , 

SGWlBPT WlBPIT , 



15: 11 : 18 
ISCLTZ - VERSION 93109 - - HOT SPOT WODELING FOR WIM ON SITE COYCENTRATIONS USING 50 METER - - RECEPTOR GRID AND 1987 METEOROLOtiUL DATA FOR CURRENT SCENARIO r n  -- 

P A G  4 
.* MODELING OPTIONS USED: COlC RURAL FLAT DFAULT 

.. . - GRIDDED RECEPTOR N E T W K  W R Y  - - NETWRK ID: ONSTEGRD ; NEWORK TYPE: GRIDURT - X-COORDINATES OF GRID - 
(MEYERS) 

-500.0, -450.0, -400.0, -350.0, -300.0, -250.0, -200.0, -150-0, -100.0, -50.0, 
0.0, 50.0, 100.0, 150.0, 200-0, 250.0, 300.0, 350-0. 400.0, 450.0. 

500.0. - Y-COORDINATES OF GRID - 
(KETERS) 

500 - 0 -450.0. -400 .0 , -350.0, -300.0 , -250.0, -200.0, - 150.0, 100.0, -50.0, 
0.0, 50.0, 100.0, 150.0, 200.0, 250.0, 300.0, 350.0, 400.0, 450.0, 

500.0, 

D-111-6 



- ISCLTZ - VERSION 93109 - HOT SWT MCOELING FOR WAXIMM Ow SITE COlCENTRATIWS USING 50 METER 
-- - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR WRREYT SCENARIO 

OFAULT r.. WQ)ELING OPTIONS USED: (#IC RURAL FLAT 

- DISCRETE CARTESIAN RECEPTORS 
(x-cQ#D, Y-MORD, ZELEV, ZFLAG) 

(METERS) 

0.0, 0.0); 
0.0, 0.0); 
0.0, 0.0); 

( -1825.0, -2865.0, 0.0, 0.0); ( -3460.0, 3870.0, 
( 4722.0, 1960.0, 0.0, 0.0); ( 6670.0. -4590.0, 
( 5500.0, 3160.0, 0.0, 0.0); ( 5000.0, 2390.0, 

07/ 16/93 
15: l l:18 
PAGE 5 

m 
m 
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- lSCLT2 - VERSIO)( -109 - - HOT SPOT'MWELINC FOR )(ATIMII( ON SITE COIlCENTRATIQlS USING 50 METER DM - RECEPTOR GRID AN0 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO lcII _- 
OFAULT *oa BODELING OPTIONS USED: COYC RURAL FLAT 

SWRCE-RECEPTOR CO(BIYATIOLIS LESS THAN 1.0 METER OR 3.ZLB 
IN DISTANCE. CALOUUTIONS WAY NOT BE PERFORNEO. 

SaJRCE - - RECEPTOR LOCATION * - 0 I STANCE 
IO XR (METERS) YR (METERS) (METERS) 

WlPITl  
WlPITl 
WlPIT2 
WlPIT2 
WlP3S01 
WlP3S01 
WlP3SQ2 
WlP3SQ2 
WlP3Sp5 
WlP3SQ3 
WlP3SQ3 
aJlPSso4 
WlP3sOC 
WlP3SO5 
WlPIT4 
WlPIT4 
QllBPIT 

- 100.0 
-100.0 
-50.0 
-50.0 

-100.0 
-100.0 
-50.0 
-50.0 

-200.0 
-200.0 
-150.0 
-100.0 
-100.0 
-50.0 
50.0 

100.0 
0.0 

-150.0 
-100.0 
-100.0 
-50.0 

0.0 
50.0 
0.0 

50.0 
-100.0 
-50.0 
-50.0 
-50.0 

0.0 
0.0 
0.0 
0.0 
0.0 

-18.07 
-11.45 

-5.88 
-4.95 
-2.38 

-17.69 
-3.81 - 14 -76 
-4.30 

-21 .a 
-6.W 

-16.02 
-4.27 
-5.85 

-29.?7 
-12.03 
-19.52 

15:11:18 
PAGE 6 

Q 
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HI ISCLTZ - VERSION 93109 - - HOT !POT WOELING FOR W I ~  011 SITE 
_- - RECEPTOR GRID AND 1987 METEOROLOCIUL 

B MODELING OPTIONS USED: W C  RURAL FLAT DFAULT 

CWCEYTRATIOllS USING 50 METER 
DATA FOR UJRRENT SCENARIO 

B 

STABILITY 
CATEGORY 

A 
B 
C 
D 
E 
F 

STAB1 LITY 
CATEGORY 

A 
B 
t 
D 
E 
F 

ANNLIAL 

- AVERAGE SPEED FOR EACH UIND SPEED CATE(;ORY - 
(HETERS/SEC) 

1-50, 2.50, 6.30, 6.80, 9.50, 12.50, 

- UIND PROFILE EXPONENTS - 
UIND SPEED CATEGORY 

1 2 3 c 5 
.70000E-01 .70000E-01 .TOOOOE-Ol .70000E-01 .70000E-01 
.7UOoM-Ol .7000OE-D1 .70000E-01 .70000E-01 .70000E-01 
.10000E+OO .lOOOOE+OO . lW00E*00 .1OOOOE*OO . lOOOOE+OO 
.15000E+00 .15000E+00 .15000E+OO .15000E90 .15000E+00 

.55WOE+OO .55OOOE+OO .55000E+00 .55OOOE*oo .55000E+00 

.35000E*00 .35OMIE+OO .35000€*00 .3500OE*00 .35000E+00 

- VERTICAL POTENTIAL TEMPERATURE GRNIENTS - 
(DEGREES KELVIN PER METER) 

YIYD SPEED CATEGORY 
1 2 3 4 5 

.00000E+OO .OOOOOE+OO . OOOOOE+OO OOOOOE+OO .00000E+00 

.o~oM)E*oo .00WOE+OO .00000E+00 .00000E+Q0 .00000E+00 

.00000E+00 .00000E+00 .00000E+OO .OOOOOE+OO .00000E+00 

.00000E+OO .00000E+OO .OOOOOE+OO .00000E90 .00000E+00 

.20000E-01 .20000E-01 .20000E-01 .20000€-01 .20000E-01 

.3500OE-01 .35000E-01 .35000E-01 .35000E-01 .35000E-01 

- AVERAeE AWIENT A I R  TEMPERATURE (KELVIN) - 
STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY 
CATEGORY A UTEGORY 8 CATEGORY C CATEGORY D CATEGORY E CATEGORY F 

290.0000 290.0000 290.0000 286.0000 278.0000 278.0000 

** 07/16/93 
m 15: 1 1  : 18 

PAGE 7 

6 . moooE - oi 
.?ODOOE - 0 1 
.10000E+OO 
.1500oE+00 
.35000E+00 
.55000E+OO 

6 
.00000E+OO 
.00000E+00 
.0DOOOE+00 
.00000E+00 
.200DM-01 
.35000E-01 

0276 

D-111-9 



15: 11:18 
PAGE & 

- lSCLT2 - VERSION 93109 - - HOT SPOT MODELING FOR WIW ON SITE COUCEWTUATIOWS USING 50 METER - RECEPTOR GRID AN0 1987 METEOROLffi€CAL DATA FOR CURRENT SCENARIO 

*** - .- .. MQ)ELIMG WTIWS USED: m e  RURAL FLAT OFAULT 

- AVERAGE MlXlNG LAYER HEIGHT (METERS) - 
UlND SPEED 
CATEGORY 1 

ST&BIL!TY CATEGORY A 2105.0000 
STABILITY CATEGORY B 1603.0000 
STABILl lY CATEGORY C 1603.0000 
STABILITY CATEGORY D 1403.0000 
STABILITY CATEGORY E 5000.0000 
STABILITY CATEGORY F 5000.0000 

W I N D  SPEED 
UTEGO@Y 2 
1w1 .oooo 
1307;OOOO 
1307.0000 
1307.0000 
5000.0000 
5000.0000 

ANYUAL 
WIND SPEED 
CATEGORY 3 
18M .OOOO 
1202.0000 
1202.0000 
1Z02.0000 
5000.0000 
5000.0000 

Y l y D  SPEED 
CATEGORY 4 
1802 .oooo 
1201 .oooo 
1201 .oooo 
1201 .oooo 
5000.0000 
5000.0000 

W I N D  SPEED 
CATEGORY 5 
1S26.0000 
101 7.0000 
1017.0000 
101 7.0000 
5000.0000 
5000.0000 

WIND S P E D  
CATEGORY 6 

2369.0000 
1566.0000 
1566.0000 
1566.0000 
5000.0000 
5000.0000 

D-111-10 



** lSCLT2 - VERSION 93109 - - HOT SPOT MODELING FOR NMIW QI SITE COUCENTRATIOWS USING 50 METER - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO -- 
B 'WIIUINGOPTIOWSUSED: CONC RURAL FLAT OFNJLT 

D 1RECT ION 
(DECREES) 

0.000 
22.500 
45 .OOO 
67.500 
90.000 

112.500 
135 .OOO 
157.500 
180.000 
202.500 
225.000 
247.500 
1(1.000 
82.500 

315.000 
337.500 

B 

D I RECT I ON 
(DEGREES) 

0.000 
22.500 
45 .ooo 
67.500 
90.000 

112.500 
'135.000 
157.500 
180.000 
202.500 
225 -000 
247.500 
270.000 
292.500 
315.000 
337.500 

D 

*- FREQUENCY OF OCCURRENCE OF UlNO SPEED, O I R E C I I W  AN0 S T m f L l T y  - 
FILE: C:\MWELS\ISCLT2\FEWP.STR FORMAT: (7X.6F7.6) 
SURFACE STATION NO.: 0 UPPER AIR STATION NO.: 0 

NAME: FEW 
YEAR: 1987 

ANNUAL: STABILITY CATEGORY A 

WW: OAYTW 
YEAR: 1900 

m t l  07/16/93 
m lS:11:18 

PAGE 9 

UIND SPEED WINO SPEED W I N D  SPEED Y I M  SPEED V I M  SPEED W I N O  SPEED 
CATEGORY 1 CATEWY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

( 1.500 M/S) ( 2.500 M/S) ( 4.300 M/S) ( 6.800 M/S) ( 9.500 M/S) (12.500 M/S) 

0 .oooooooo 0 .oooooooo 0.00000000 0.00000000 0.00000000 0 .oooooooo 
0.00013800 0.00000000 0.00013800 0.0001uu)O 0.00000000 0.00000000 
0.00013800 0.00000000 O.OOOluu)O 0.000138W 0.00000000 O.DDOOOOO0 
0.00013800 0.00027600 0.00082800 0.00000000 0.00000000 0.00000000 
0.00000000 0.00055200 O.OOo69ooO 0.00013800 0.00000000 O.OOo(30000 
0.00013800 0.00027600 0.00027600 0.00000000 0.00000000 0.00000000 
Q.00000000 0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 
0.00000000 0.00000000 0 .oooooooo 0 .oooooooo 0 .oooooooo 0.00000000 
0.00000000 0.00000000 0.00013800 0.00000000 0.00000000 0.00000000 
0.00000000 0.00041100 0.00151700 0.00000000 0.00000000 O.OOOOOOOO 
0.00000000 0.00~21100 o . o w 7 0 0  o.oow11oo 0.00000000 0.00000000 
0.00000000 0.00096600 0. 0ozJcloo 0. woooooo 0 * 00000000 0.00000000 
0.00000000 O.OOo8u1oO 0.00137900 0.00000000 0.00000000 0.00000000 
0.00000000 0.00027600 o.ooQbwoo o.oow11oo 0.00000000 o.oooo(1ooo 
0.00013800 0.OOOluK)O 0.00027600 0.00055200 0.00000000 0.00000000 
0-00000000 0.00000000 0. OOMl1OO 0.00041100 0.00013800 0 .OOOOOOOO 

----------- ----I------ --------I-- -----I----_ ------L---I ----------- 

ANNUL: STABILITY CATEGORY B 

WINO SPEED W I N D  SPEED UIYD SPEED UlyD SPEED UINQ SPEED UIUD SPEED 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

( 1.500 M I S )  ( 2.~00 HIS) ( 4.300 MIS)  ( 6.800 w m  ( 9.500 MIS) (i2.500 111s) ----------- -----I----- ----------- ------.---- -------I--- ---------I- 

0.00000000 0.00041~00 0.00013800 0.00000000 0.00000000 0.00000000 
0.00000000 0.00027600 0.00055200 0.00000000 0.00000000 0.00000000 
0.00000000 0.00082800 0.0023ccOO 0.00013800 0.00000000 0.00000000 
0 -00027600 0 . 0 0 ~ 0 0  0.00027600 0.00069000 0.00000000 0.00000000 
0.00027600 0.00069000 0.00027600 0.00013800 0.00000000 0.00000000 
0.00000000 O.OOo1u8OO 0.00000000 0.00000000 0.00000000 0.00000000 
0.00000000 0.00013800 0.00000000 0.00000000 0.00000000 0.00000000 
0.00013800 0.00027600 0.00013800 0.00013800 0.00000000 0.00000000 
0.00013800 0.00013800 0.00013800 0.00000000 0.00000000 0.00000000 
0.00013800 0.00096600 0.00206900 0.00027600 0.00000000 0.00000000 
0.00027600 0.00124100 0.00275800 0.00013800 0.00000000 0.00000000 
0.00055200 0.00110300 0.00206900 0.00000000 0.00000000 0.00000000 
0.00013800 0.00096600 0.00137900 0.00013800 0.00000000 0.00000000 
0.00000000 0.00069000 0.00082800 0.00027600 0.00000000 0.00000000 
0.00027600 0.001 10300 0.00082800 0.00055200 0 .OOOOOOOO 0.00000000 
0.00000000 0.00013800 0.00041400 0.00000000 0.00000000 0.00000000 

D-111-11 
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PAGE 10 

- ISCLTZ - VERSION 93109 - - MOT SPOT MOQELING FOR MAXIIu( Ow SITE CONCENTRATIOwS USING 50 METER 
eee RECEPTOR GRID AND 1987 METEOROLOGtCAL DATA FOR CURRENT SCENARIO 

*- 
m _- -- RCGELINC 6?TIONS USED: COYC RURAL FLAT OFIULT - FREQUENCY OF OCCURRENCE OF W I N D  SPEED, 01RECTXW AND STABILITY - 

FILE: C:\MOQELS\ISCLT2\FE87.SlR FORMAT: (7Y.6F7.6) . 
SURFACE STATION NO.: 0 UPPER AIR STATION NO.: 0 

WE: F W P  
YEAR: 1987 

ANNUAL: STABILITY CATEGORY C 

N M :  DAYTON 
YEAR: 1900 

DIRECT ION 
(DECREES) 

0.000 
22.500 
45. 000 
67.500 
90 .000 
112.500 
135 .000 
157.500 

202.500 
22s.000 
247.500 

292.500 
315.000 
337.500 

iao.000 

?m.ooo 

0 I RECT ION 
(OEtREES) 

0.000 
22.500 
45.000 
67.500 
90.000 
112.500 
135.000 
157.500 
180.000 
202.500 
22s .000 
247.500 
270.000 
292.500 
315.000 
337.500 

.- tL i, :,, 4 

W I N D  SPEED UlND SPEED W I N D  SPEED W I N D  SPEED W I N D  SPEED W I N D  SPEED 
CATECoR~ 1 CATEGORY 2 CATEGORY 3 UTEGORY 4 CATEGORY 5 UTEGORY 6 

( 1.500 M/S) ( 2.500 M/S) ( 1.300 MIS) ( 6.800 M/S) ( 9.500 M/S) (12.500 M/S) 

0.00027600 0.00069000 0.00082800 0.00000000 0.00000000 0.00000000 

0.00027600 0.00124100 0.00137po0 0.00011100 0.00000000 0.00000000 
0.00069000 0.00206900 0.00055200 0.0012C100 0.00000000 0.00000000 
0.000&1400 0.00124100 0.0QQ27600 0.00015800 0.00000000 0.00000000 
0.00Q55200 0.0006#)00 0.00000ooO 0.00000000 0.00000000 0.00000000 
0.00027600 0.00027600 0.00000000 0.00000000 0.00000000 0.00000000 
0.00013800 0.00027600 0.00013800 0.00000000 0.00000000 0.00000000 
0.00011100 0.00082800 O.OOUlwI0 0.00000000 0.00000000 0. DO000000 

0.001379OO 0.00386100 0.00193100 0.00027600 0.00000000 0.00000000 
0.00110300 O.OQ3mO0 0.0013~0 0.00011100 0.00000000 0.00000000 
0.00011400 0.0012C100 0.001 10300 0 .OQW1400 0.00000000 0.00000000 
0.00011400 0.00124100 0.00124100 0.00027600 0.00000000 0.00000000 
0.00027600 0.00096600. 0 . 0 ~ 0  0.00027600 0.00[)1u1o0 0.00000000 
0.00027600 0.00137VOO 0.00110300 0.00000000 0.00000000 0.00000000 

----------- -----I----- ----------- ----------- --------I-- --I-------- 

o.oooi3aoo 0.00069ooo o.oooo~oo o.oooo~ooo O.OOQOQOOO O.OOOOOOOQ 

o .oooci100 o.ooi5ifoo 0.00082800 o.ooo13aoo o.oooooooo o.oooooooo 

ANNUAL: STABILXTY CATEGORY 0 

W I N D  SPEED YIYD SPEED W I N D  SPEED W I N D  SPEED W I N D  SPEED W I N D  SPEED 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 1 CATEU)RY 5 CATECORY 6 

C 1.500 M/S) ( 2.500 M/S) ( 4.300 U/S) ( 6.800 M/S) ( 9.500 W/S) (12.500 M I S )  

0.00292500 0.00565300 O.Oo9TpoOO 0.00082800 0.00000000 0.00000000 
0.00230600 O.OW7po00 0.01083300 0.00C13700 0.00000000 0.00000000 
0.001'15900 0.01585600 0.01009300 0.00193100 0.00000000 0.00000000 
0.00852300 0.02426600 0.01764800 0.00524000 0.00000000 0.00000000 

0.00588500 0.00262000 0.00000000 0.00000000 0.00000000 0.00000000 
0.00305300 0.00248200 0.00055200 0.00000000 0.00000000 0.00000000 
O . O O 2 m O O  O.OOt89600  0.00151700 0.00055200 0.00000000 0.00000000 

----------- ----------- -I--------- ----e------ ----------I ----------I 

0 .  ooaioo O.OMTP~OO o .ooismo 0.000i~o o . O ~ O O O O ~ ~  Q.OOOOOOOO 

o.ow30700 0.00510200 0.00206900 0.00027600 Q.OOOOOOOQ o.oooooooo 
o.oosi~200 o.oit27ioo 0.00113700 o.ooi6ssoo o.oooooooo o.oooooooo 
0.00615500 0.01944100 0.00923800 0.00082800 0.00055200 0.00000000 
0.00R4200 0.01365000 0.00615600 0.00386100 0.00027600 0.00000000 
0.0057I90O 0.01351200 0.01UTmO 0.00372300 0.00000000 0.00000000 

0.00291000 0.00992700 0.00799700 0.00165500 0.00041600 0.00000000 
0 .OoC596Q0 0.00802400 0.00606700 0.00268200 0.00027600 OfOOOOOOOO 

0.00433500 o.oim400 o.oommo o.ooisifoo o.oooooooo o.oooooooo 

D-111-12 
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- lSCLT2 - VERSION 93109 - - HOT spb7 KlOELING FOR WIW ON SITE CQICENTRAT1O(S USING 50 METER - 07/16/93 
-- - RECEPTOR GRID AN0 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO *w 15:11:18 

PAGE 11 
*WQ)ELING OPTIONS USED: CONE RURAL F U T  0 FAUL 1 - FREQUENCY OF OCWRRENCE OF YIND SPEED, OIRECTIOW AN0 STABILITY - 

FILE: C:\lKOELS\ISCLT2\FEMP87.STR FORUT: (TK,6F7.6) 
SURFACE STATION NO.: 0 UPPER AIR STATIm NO.: 0 

N M :  FEMP NME: DAYTON 
YEAR: 1987 YEAR: 1900 

ANNUAL: STABILITY CATEGORY E 

0 IRECTION 
(DEGREES) 

0.000 
22.500 
45.000 
67.500 
90.000 
112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
70.000 D J2.500 
315.000 
337.500 

OIRECllON 
(DEGREES) 

0.000 
22.500 
45 .OOO 
67.500 
90 .OOO 
112.500 
135.000 
157.500 
180.000 
202.500 
225 .OOO 
247.500 
270.000 
292.500 
315 .OOO 
337.500 

YIWD SPEED UIYD SPEED UlyD SPEED YIYD SPEED UIND SPEED UIWD SPEED 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEKMY 6 

( 1.500 M/S) ( 2.500 M/S) ( 4.300 M/S) ( 6.800 M/S) ( 9.500 M/S) (12.500 M/S) 

0.00348700 0.00524000 0.00069000 0.00013800 0.00000000 0.00000000 
0.00250800 0.00317200 0.0011p300 0 .00027600 0.00000000 0.00000000 
O.OO320300 0.00372300 0.00082800 0 .OOoWOOO 0.00000000 0.00000000 
0.0125 1900 0.01 199600 0.00193100 0.00000000 0.00000000 0.00000000 
O.Dll66800 0.0031RO0 0.00027600 0.0OOOOMO 0.00000000 0.00000000 
o.oo6u11oo 0.00206900 0.0001~ o.owDoDoD o.oooooOO0 0.00000000 
0.00486000 0.00262000 0.0000M00 0.00000000 0.00000000 0.00000000 
O.OOM6100 0~00209600 0.00124100 0.00055200 0.00000000 0~00000000 
0.00694500 O.OOUl200 0.00262000 0.00013800 0.00000000 0.00000000 
0.00905500 0 .O~I58200 O.ODLc1200 0.0ooH400 0.00000000 0.00000000 
0.01422800 0.022336oO 0.00620500 0.00110300 0.0001u1oo 0.00000000 
0.02136700 0 .OW1 100 0.ooC13700 0.001 10300 0.OOO00000 0.00000000 
0.01320100 0.00965200 0.00399900 0.00027600 0.00000000 O.OOM)oOOO 
O.OOTJ6900 0.0063c300 O.OOt34uK) 0.00015800 0.00000000 0.00000000 
0.00971200 0.003?2300 0.00193100 0.00027600 0.00000000 0.00000000 
0.00818500 0.0028woO 0.00137900 0.00013800 0.00000000 0.00000000 

-.--------- ----.----.I ---.------- .--------I- -----I----- ----------- 

ANNUAL: STABILITY CATEGORY F 

UIYD SPEED UlND SPEED UIYD SPEED YIND SPEED UlyD SPEED YIYD SPEED 
CATEGORY 1 CATEGORY 2 UTEGORY 3 CATEGORY I CATEGORY 5 CATEGORY 6 

( 1.500 M/S) ( 2.500 M/S) ( 4.300 W/SI ( 6.800 H/S) C 9.500 M/Sl  (12.500 M/S) 

0.00657000 0.00015800 O.OOOOoM)O 0.00000000 0.0001~0 0.00013800 
0.00599400 0.00000000 o.ooo13mo 0.00000000 0.00000000 0.00000000 
0.00628000 0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 
0.01266640 0.00268200 0.00000000 0.00000000 0.00000000 0.00000000 
0.017228800 0.00055200 0.00000000 0.00000000 0.00000000 0.00000000 
0.01355800 0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 
0.00686000 0.00027boo 0.00000000 0.00000000 0.00000000 0.00000000 
0.00428100 0.00013800 0.00000000 0.00000000 0.00000000 0.00000000 
0.00570900 0.00000000 0.00000000 o.oooo00oo 0.00000000 0.00000000 
0.01001900 0.00082800 0.00000000 0.00000000 0.00000000 0.00000000 
0.02M7600 0.00193100 0.00000000 O.OQOOOOOO 0.00000000 0.00000000 
0.02687400 0.00124100 0.00000000 0.00000000 0.00000000 0.00000000 
0.02841500 0 .00041400 0.00000000 0.00000000 0 .00000000 0 .OOOOOOOO 
0.02541300 0.00027600 0.00000000 0.00000000 0.00000000 0.00000000 
0.02255400 0.00013800 0.00000000 0.00000000 0.00000000 0.00000000 
0.01428100 0.00027600 0.00000000 0.00000000 0.00000000 0.00000000 

---.------- -----.----- ---.------- ---*---.--- ----------- ----------- 

su)( OF FREQUENCIES. FTOTAL = 1.00012 

D-111-13 
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- ISCLT2 - VERSION 93109 - - HOT SPOT I O E L I N G  FOR IUXIKW ON SITE - RECEPTOR GRID AND 1987 )IETEOROLOGIUL _- 
COMCEWTRATIQIS USING 50 METER 
DATA FOR WRREYT SCENARIO 

sC133ELINe OPVIONS USED: C a t  RURAL FLAT DFAULT - THE AYWUAL AVERAGE CONCENTRATION VALUES FOR SQIRCE: W l P I T 1  - 
I-moR0 I 
(METERS) I 

- - I - - - -  , -  

’ :. . 

- 500.00 - - - -  

15:11:18 
PAGE 12 

m 

* 

500.00 I 

400.00 I 
450.00 I 

350.00 I 
300.00 I 
250.00 I 

150.00 I 

50.00 I 
0.00 I 

200.00 I 

100.00 I 

-50.00 I 
-100.00 I 

-200.00 I 
-150.00 I 

-250.00 I 
-300.00 I 
-350.00 1 
-400.00 I 
-450.00 I 
-500.00 I 

ioz.053160 1oas.tui500 12w.fg3650 1421.270020 1 3 ~ ~ ~ 2 5 ~ 8 0  i~oc. tm1~0 1479.003320 i8~0.24a540 2192.a7ixo 

14u.~m90 ic86.14u~)o i~m.042360 1~39.542240 ~ 8 8 . 4 1 6 ~ 0  zuz.s136n~ ~ 0 8 . ~ 5 9 0 8 0  zan .7cmo 35i1.170170 
i a ~ 3 . 1 i 7 a  iaoa.600~0 1 a 0 5 . 1 ~ ~ ~ 0  2099.23~70 zb1c.258060 2 ~ ~ 6 ~ 9 2 0  2578.519mo ~ 6 . w ~  4224.8217110 

2~70.aot~b0 2904.387210 3 0 1 2 . 5 ~ ~ 5 0  2079.966800 3 2 u 4 . ~ ~  4159.3m20 c~tx.vtimio ~14s.wt600 txa9.020020 

3363.~5700 w11.ms1io 4205.2343ao 5171.976070 s5n.naszo 624.960910 nn.650390 9~51. fu580 1 1 1 5 2 . ~ ~ 3 0 0  

1126.456670 1189.190120 1380.903080 1662.401000 1613.959470 1501.564700 1675.51U50 2111.U1410 2534.762210 
12U.236820 1325.261230 1466.339360 1785.710330 1913.416500 1835.068910 1913.940920 244.836130 2963.637210 

2292.108150 2555.591310 2250.621630 2254.238280 2915.233150 2201.200320 3b4.103760 0155.359380 5178.059080 

2647.068120 3175.587650 3797.974610 3989.622USQ 3Qn.621880 6831.912110 5495.569310 6769.69W30 8357.000000 

U80.561WD 5036.76&650 5385.854000 6113.25- 7433.759750 87pc.131Bb0 1oC59.351600 13835.923800 19229.693400 
5303.461430 6495.558590 7791.831050 0811.907230 10796.494100 13034.163100 16039.861300 23522.396500 35688.414100 
5ci6.415530 6776.037890 8616.766600 11232.133800 151.30.0S0600 20508.c6too0 30679.816500 SO881 .?Q3100 69640.992200 
7425.901370 9160.099410 11532.711900 15379.068600 21684.128900 32330.960900 59292.718800 69052.421900 0.000000 

7639.341000 9632.005860 12539.340800 16182.5M00 232W.7L4100 32608.55- 47131.531300 71m1 .I25000 to976.671900 
8015.775390 10%0.896500 12781.61a00 14587.514600 17615.555500 21110.755900 25055.091600 31296.021500 36205.916100 
7878.369610 8614.426760 9346.4Q5210 10570.973600 12161.930700 13E2.050600 14661.638700 16121.943400 19757.822300 

c6Ts.613TIo 5507.591800 6061.133950 6250.109100 5’175.867190 6070.785610 6683.561520 7451 .470700 0617.325200 
4099.411130 4589.239260 4M6.70WlO 4226,924800 4176.270320 5113.969250 4951.U3750 5688.094240 6648.625000 
3589.768290 3614.202880 3216.233400 3001 .lo5070 3662.055180 4119.696290 37c8.1?2050 4399.703610 5271.515140 

O.OOOm 4 
a266.471680 10~8.t96900 1m.aiuoo 1 ~ 5 c . o m o  ~ m a . ~ 0 ~ 0 0  378c5.moo 68602.6moo 91156.015600 

5 ~ ~ . 2 7 6 8 6 0  6239.097660 7iia.w92~0 a50.~08980 018s.257010 81164.635740 9236.916020 IQ~I~.OOOOOO 11811.610~00 

D-111-14 



- lSCLT2 - MRSIQN 93109 - HOT SPOT MODELING FOR M A X I M  Q1 SITE CQlCENTRATlOWS USING 50 METER - 07/16/93 
-- - RECEPTOR GRID AND 1987 WETEOROLOGIUL DATA FOR CURRENT SCENARIO - 15:11:18 

PAGE 13 B .- MODELING OPTIONS USED: COYC RURAL FLAT DFAULT 

THE ANNUAL AVERAGE CUNCENTRATIUN VALUES FOR SOURCE: QUlPIT1 HI - NE-K ID: ONSTEGRD ; NE-K TYPE: GRIDURT - 
CQlC OF POLL1 I N  UICROGRMS/M”3 w 

Y-tOoRD I X-CWRO (METERS) 
(METERS) I -50.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 - - - - - - _ - _ . _ _ - . - - _ . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

500.00 I 2160.130710 2206.352290 2285.385990 27u. 104740 3259.722410 3176.398930 3079.542720 3070.087400 3 0 3 3 . 3 W  

100.00 I 2917.691410 2952.259030 UV1.406980 1287.690920 4t85.150400 4075..091240 4029.0114To 3968.20V720 L193.3U730 

300.00 I 4129.672850 U28.812990 5936.591310 6128.001950 5722.521000 5563.450680 5963.657230 6247.232910 5816.60059D 

450.00 I 2 5 0 1 ~ y r ~ p o  2539.~2410 zbpt.c6~600 ~is.ms70 3nt.190670 35~1.176~10 3515.577640 3 ~ 7 6 . 3 ~ ~ 2 9 0  w x . 5 ~ 7 1 ~ 0  

350.00 I 3u5.8432a 3472.~13670 4541.0n640 5207.167180 4 0 c o . ~ n 7 0  4749.755310 4 ~ ~ 8 1 0 5 5 ~  4949.84a140 s~aa.msn 

B0.QQ I 5035.244110 6565.866210 7760.972660 7263.800?60 6796.255W 7338.436520 7689.762210 7090.802250 6098.96w140 
200-00 I 6705.&61910 8822.394530 9476.303710 8666.940430 9270.m960 9710.733600 8845.133790 7477.558110 6451 -666000 
150.00 I 10010.7118O0 12366.405300 11690.470700 12112.501900 1W.200200 11354.c66800 4392.851560 7967.702710 7026.186520 
100.00 I 15179.497100 16507.8066(10 ltD55.7lbS00 1R34.445300 15120.513700 12161.994100 10219.040000 9366.803710 8540.415010 

23647.652300 25902.525400 24886.189100 21136.835900 17208.939500 14598.472700 12927.520500 11455.719700 9700.786130 

92253.765600 65732.051300 45886.265600 32558.369100 25384.695300 1R91.650400 13089.499000 10279.052700 8655.065430 
-100.00 I 165625.531000 95172.593800 52466.890600 34563.34m0 23809.252000 18059.550800 14c20.715800 11781.336900 9807.9Rwo 

50.00 I 

-50.00 I 
0-00 I ~5068.699200 61370.77%00 W70.472700 27029.408200 2 1 ~ . 3 % 5 0 0  18404.189500 14317.951200 11201.863300 9010.966800 .I 

-150-00 I 153m.469000 8915.656300 48637.953100 32521.388’700 tuIp1.313000 1774V.603500 14172.021S00 11579.750000 
-200.00 I 83767.117200 57429.179700 39272.558600 2m51.919900 19681.212900 16TT5.76c100 11377.292000 9263.965820 7819.227050 -,. 
-250.00 I 39931.300800 35131.320300 27929.062500 21590.763700 174%.935500 14500.074200 11108.147500 9128.897460 7416.05029Q * 

9642.767580 

) -300.00 I 21626.685500 21951.459000 19736.351600 1 5 9 2 9 . 1 m O D  13274.603500 11428.857100 10228.841800 9142.356450 7600.287600, e 

-350.00 I 14156.029300 14209.636700 14001.682600 13530.0&1000 11279.88T100 8892.476560 7740.704100 n11.632010 6661.9m10 
-400.00 I 9582.005660 110&7.1%300 9761 . m 2 0  9164.910160 9=3.96289[3 8423.976560 6865.225590 5791.31UZ0 5205.564650 
-450.00 I 6643.325200 8024.907110 8114.R9980 m0.949220 n78.86~720 7481.809570 6s32.8n120 5631.327150 6689.65~110 
-500.00 I 4974.135740 5921 .a11010 6807.246580 605?.96c~o s6.66.81wo 5 7 7 9 . 5 ~ 1 0  5886.086430 5217.348140 4421 .m020  

. ,’ 
; ,‘..: ‘ 
’. 1.; ‘ 7  . .  
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. ,  - ISCLf2 - VERSION 95109 - - HOT SPOT e#)ELING FOR wA)(I)(u( ON SITE #*lCENTRATIOLIS USING 50 HETER - 07/16/93 

PAGE 1L 

_- - RECEPTOR GRID m war METEOROLOGICAL DATA FOR CURRENT SCENARIO * 15:11:18 

@* mELING WTIOWS USED: CONC RURAL FLAT OFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SUJRCE: WlPlT l  - - NE-K ID: OUSIEGRD : NETURK TYPE: GRIDCART - 
- 

I-COCRD 
(UETERS) - - - .  - _ .  

500.00 
450.00 
400 * 00 
350.00 
300.00 
250.00 
200.00 
150.00 
100.00 
50.00 
0.00 

-50.00 
- 100.00 
-150.00 - 200. 00 
-250.00 
-300.00 
-350.00 
-400.00 
-650.00 
-500.00 

2416.166260 3136.114580 
3605.323730 3m.lcmO 
4392.950680 6156.236330 
w177.176760 6313.614750 
5M1.112300 4519.93&80 
5314.631350 W . 2 3 d n 0  
5789.346600 5212.372!560 

T189.719240 7025.S35160 
7968.5 99 120 661 0 . 0 1 0 7 ~  
7303.562990 6274.583010 
7309.432620 c381.5WpO 
8tQl.603520 71W.081050 

6 s i a . m m  6066.ai~so 

a i 5 7 . m m  m . s ~ i w o  
6mc.itono sai6.4m20 
6155.192380 5381.679690 
6339.823750 5336.055690 
6131.390650 5430.627Cu) 
4950.364260 4660.130860 
4213.~6~5ao 3 m . 1 ~ 4 0 0  
3a76.47~10 35u.8(~660 

3218.115230 

371 1 A27880 

61Y.726610 
4436.OOm0 
4816.511160 
5644.826170 
59c9.w7&0 
5533.086910 
5697.397950 
5573.5bPLO 
6163.1V2870 
6066.4WOO 
5096.92RSO 
i7b6.003aSO 
4552.876950 
4667.153320 
4391.110100 
3619.500260 
3231 A36520 

3sa7.7aiao 

3an.2sam 

4 
. .. . o m 3  *I 

. .  
D-111-16 



*- ISCLTZ - VERSSOW 93109 - - HOT SPOT WQ)ELING FOR WIM ON SITE ODWCENTRATSCWS USING SO METER - 07/14/93 

PAGE 15 
-- - RECEPTOR GRID AND 1987 RETEORULOGICAL DATA FOR WRRENT SCENARIO - 15:l l :  18 

OFAULT '* MOOELING OPTIONS USED: COUC RURAL FLAT B - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE: OUlPIT1 *- - DISCRETE CARTESIAN RECEPTOR POINTS - 
COWC OF POLL1 I N  M I C R # R A W S ~  

D-111-17 
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\ '  - ISCLTZ - VERSION 93109 - m HOT SPOT #X)ELING FOR )115(1)1)1 011 SITE CONCENTRATIONS USING 50 METER *u 07/16/93 

PAGE 16 
*U 15: 11 : la  RECEPTOR GRID AND 1987 WETEOROLOGICAL DATA Foll CURRENT SCENARIO _- 

.r MCQEL!!!S CPT:WS USED: CONC RURAL FLAT DFAULT 

- NETWRK ID: ONSTEGRD ; NEWORK TYPE: GRIDCART - 
- 

mC OF POLL1 I N  MICRotRA)(s/nc.3 U 

500.00 I 
450.00 I 
400.00 I 
350.00 I 
300.00 I 
2S0.00 I 
200.00 I 
150.00 I 
100.00 I 
50.00 I 
0.00 I 

-50.00 I 
-100.00 I 
-150.00 I 
-200.00 I 
-2s0.00 I 

-400.00 I 

-500.00 I 

-300.00 I 
-350.00 I 

-450.00 I 

657.237976 
767.320% 
9U.344ab9 

1004.350590 
1152.468510 
1313.50m0 
1497.053470 
1975.59c850 
2403.646970 
2562,amao 
 taw.^^ 
3605.745610 
397p. 203370 
3781.276610 
3805.186520 
4033.591310 
3422.332760 
2677.267330 
u65.299320 
1905- 123290 
1685.905660 

699.157221 

91 6 .c873M 
1177.302000 
1340 .a09200 

1652.966950 
2023.990480 
2879.3a3m 
3104.621090 
3316.350340 
ly19.3TZp50 
4825.288090 
4550.685060 

m. 10a521 

1 w . a m o  

4717.m930 
479a.5243m 
3sBc.poc?90 
2aa9.116960 
2399.696340 
2101.191910 
1744 A95240 

4 
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IScLT2 - V E R S I W  93109 - - HOT SPOT MODELING FOR WIMM ON SITE QlWCENTRATfOWS USING 50 HETER *- 07/ 16/93 
_- - RECEPTOR GRID AND 1987 METEOROLOCXAL DATA FOR CURRENT SCENARlO m 15:11:18 

PAGE 17 -- MOOELING OPTIWS USED: t o w C  RURAL FLAT DFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE: OUlPIT2 - - NETYORK IO: OUSTEGRD ; NETWRK TYPE: G R I O W T  - 
C W C  OF POLL1 I N  MICROtRAnSP3 t. 

500.00 I 
I 650.00 I 

600.00 I 
350.00 I 

200.00 I 

100.00 I 
50.00 I 
0.00 I 

-50.00 I 
-100.00 I 

-200.00 I 

300.00 I 
250.00 I 

150.00 1 

-150.00 I 

-250.00 I 
-300.00 I a -350.00 I 
-400.00 I 

-500.00 I 
-450.00 I 

1 4 w . 1 ~ 4 3 0  1557.~2430 ~~W.TJ~PPO 1m.m2470 1 9 0 6 . 0 ~ 9 0  ax.axm 2250.a16110 

2534. 725590 2bu . m s o o  2615.3a9650 m6.zs6100 3930. 0703 1 o 3693 -539550 3631 .41 1620 

s1ats.?oa9au 5w.14zs80 n80.wi60 TPOI.MS~~O ms.1~340 aosi.8~vi20 m o . a 5 m o  

19036.~9200 am2.810500 291 16.437500 2uausaao0 18stz.t38300 15 129.829100 121u .ai 2500 
5012s m m o  mas. i a a o  52717.~~3100 35056.a90600 2~7 .742200  16957.697300 12039.90~00 

53m.asi600 57130.~2500 41m.05mo 27w.130900 19681 .a92600 13761 .o~i800 ioo11.3~~700 
iwii .am00 a n i . 3 2 ~ 0 0  ~860.332000 1am.aiuoo 14~9.126000 iia7.958000 9~57.7~7110 
10673.~6800 1313a.094700 i33u.~pbooo 12m.9zs800 1~~1s.05~~00 aav.rn1450 7127.3noso 
7189.252~0 m . s 4 9 3 2 0  w ~ . ~ o ~ ~ o  aaa.1435~0 8~08.092710 mi .so3120 6071 .a07130 

1759.565670 1828.6967'80 1871.151370 1950.749390 2463.594240 2703.698910 2592.945310 
2091.015630 2176.W280 2220.360650 2673.860350 3200.682060 3150.592530 3060.443120 

3131.6&080 32S2.902830 3336.693360 4636.814940 4732.895510 4172.545410 4377.735350 
3967.361330 4114.062990 4940.237300 6241.685060 5750.715330 5532.438480 6093.295900 

f087.620610 8C33.TJdaO 11219.?98800 10278.405300 11168.324200 10614.197100 8379.919920 
9647.741140 1oC04.690400 1&630.794900 16053.71&800 16638.33coOO 15387.417000 11608.419500 

0-000000139991.125000 79944.283100 41572.355500 25303.533200 16986.121000 12789.m500 
0.0000001 151W.ats7000 72433.195300 3~7 .195300  23552.294900 16164.151000 12199 S22500 

5241.946290 5199.037100 6507.801270 6572.065920 5'102.175780 6086.148930 5708.493160 
3995.164550 3906.738280 UW.719020 5356.657110 4652.159960 4306.503910 4576.310610 
3143.636230 3147.234130 3161 327150 6083.914310 3948.339UO 3555.352780 3373.933590 
2537.319090 zu .92e10  z s ~ 9 . 5 ~ 1 ~ 1 0  3051 ~ 9 2 1 9 0  m .mom 3005.9tnm 2a55.24~60 

D-111-19 

2230.U1650 2221.013430 
2586.6137?0 2545.989260 
3015.543700 2953.542720 
3557.610110 3as9.00~20 
m t  A91600 t6%.4aa2ao 
5941 .a64260 4969.019UO 
6339.354190 5375 .e15430 
6912 A92380 6006 .74B f0 
85T7.40R30 7598.592290 

0808.91 1 I30 7134.199020 ' 

9899 . a 0 0  761 1 .ma90  

998s ~ 8 0 0 8 0  801s .xzm 
o5u.co91ao 7680.981860 

6cp0.01~40 5a51.0590ao 
C ~ ~ . ~ Z R S O  43ao.wao 
4580.766600 3t3~7.5451 m 
i u 9 . 2 ~ ~ 3 0 0  m~.sao080 

7510.687010 6172.002930 
78tb.T7637O 6161.064960 

3571 -969240 3427.347410 
2719.559570 2869.701250 



15:11:18 
PAGE 18 

- ISCLTZ - M R S I O l  93109 - - HOT SPOT )#X)ELING FOR WIM ow SITE COYCEYTRATIO~~S USING 50 METER - 
m -- - RECEPTOR GRID AND 1981 METEOROLOGICAL DATA FOR WRREWT SCENARIO 

' -c, IIOOELIWG OPTIWS USED: CONt RURAL FLAT OFAULT - THE ANNUAL AVERAGE CUNCENTRATION VALUES FOR SOURCE: W1P1T2 - - NETYORK ID: ONSTEGRD : NETVORK TYPE: GRIDCART - - m c  OF mu1 IN M I C R O C R A ) ( S ~  

Y - N O R D  I X-WORD (METERS) 
(METERS) I 400.00 450.00 5OO.DD 

500.00 I 
450.00 I 
400.00 I 

250.00 I 
200.00 I 

100.00 I 

0.00 I 
-50.00 I 

-100.00 I 
-150.00 I 
-200.00 I 

350.00 I 
300.00 I 

150.00 I 

50.00 I 

-250.00 I 
-300.00 I 
-350.00 I 
-400.00 
-450.00 I 
-500.00 I 

2189.198490 2150.524660 2301.079350 
2499.913920 2686.693120 zbT5.841110 
3185 -803220 3162.439210 2780.03589D 
381 0 -363286 3300 .a380 2949 A 1  1130 
4Oi%.769760 3525.395310 3191.600560 
4303.055180 3U3.137300 U12.5999D 
LN.209670 4165.115290 3810.809080 
5510.972170 5034.317380 4593.194340 
6511.778810 5262.1082#) 1300.630010 
5955.077&0 w137.008500 421 1.675290 
5925.276860 S001.1#WO 4219.565610 
6579.U1910 5500.912600 U10.3632&0 

5171.981150 #OO.W1510 3791.919430 
4922.938680 4123.301SQ 3580.075560 
5069.17a220 4172.9T1050 3414.008060 
41 15.a9648o 3un.307310 3541.245850 
3408.175540 3014.152440 2858.226560 
3090.612LuO 2740.953860 2c86.780760 
2001 .MU0 2528.068600 2235.302250 
2713.616500 2371.603030 2113.789550 

a ia .291~00  5292.a47680 4501 . m s o  

0287 

, . i .  ..: 

Q 
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07/16193 ISCLTZ - VERSION 95109 - HOT SPOT W E L I N G  FOR Wl#w ON S I T E  CQIQNTRATIOYS USING 50 METER - RECEPTOR GRID AND 1987 METEOROLOCrCAL DATA FOR WRRENT SCENARIO m 15: 11 : 18 
PAGE 19 

_- 

.* MODELING OPTIONS USED: COLlC RURAL FLAT DFAULT - THE ANNUAL AVERAGE COWCENTRATlON VALUES FOR UURCE: W1PIT2 - - DISCRETE CARTESIAN RECEPTOR POINTS - 
t. W C  OF POLL1 I N  W I C R o c R A w S P 3  H 

I D-111-21 

. .  



e ISCLTZ - VERSION 93109 - - HOT SPOT -€LING FOR WIWW ON SITE eoUCENTRATIONS USING 50 METER - 07/16/93 - RECEPTOR GRID AN0 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO rrr 15:11:18 
PAGE 20 

_- 
Jy m E L S Y G  WYlWS USED: CONC RURAL FLAT OFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE: WlP3SOl - - NETWUK IO: ONSTEGRO : NETWRK TYPE: G R I O U R T  - 
Y-COORD 
(METERS) - - - . - -  

500.00 
450.00 
COO. 00 
350.00 
300.00 
250.00 
200.00 
150.00 
100.00 
50.00 
0.00 

-50.00 
-100.00 I 
-150.00 I 
-200.00 I 
-250.00' I 
-300.00 I 
-350.00 1 
-400.00 I 
-450.00 I 
-500.00 I 

1683. 737430 
1 W4.56nSO 
2152.58WOO 
2367.532960 
3080.614260 
4290.949710 
4616.590820 
5000.845700 
6182.637210 
7036.388180 
6582.860840 
7039.861260 
63R .208500 
4716.606650 
3858.38t320 
3364.418460 
2pcc.Bo1930 
2236.609130 
1614.584350 
1388.348660 

-450.00 

2.066650 1 

" #)yC OF POLL1 IN UItRoGoAnS/P3 

X - Q # u ,  (METERS) 
-400.00 -350.00 -300.00 - - - - . - . - - - - - - - - _ - - -  

08.646680 1685.696170 2025.965820 962.002320 1975 -812990 2556 SO2200 31 09.097410 
1607.388790 1606.107670 1820.088130 2302.89T110 2424.305420 2320.214360 3063.781980 3766.618650 
2110.747800 2015.750850 2013.494020 2569.230470 3037.987550 2911.455320 37U.672850 4655.293460 
254.469730 ZR5.279050 2605.914060 2855.543950 3736.183350 3792.692630 4683.&%0 5894.894530 
2773.823000 3357.059080 3654.499270 3513.602780 4355.862300 5056.205570 6159.961110 7693.399900 
3125.659720 3706.156250 4627.149900 5152.733890 5687.158690 6931 .742680 8813.926800 10532.84700 
4677.U8520 5035.845210 5609.451030 6766.663830 8137.426760 9920.405270 13273.751000 18?24.0?8100 
5705.283200 7182 355960 8370.181 660 101 54.070500 12608.196300 lS610.593000 2361 2.082000 36270 3 1  100 
6109.158890 78TJ.100590 10151.a65100 1427.002900 20830.998000 32315.476600 55065.515600 74992.007800 
Bb19.261580 10?32.203100 14161 . W O O  20237.597700 31462.597700 58950.605500 66457.906300 0.000000 
87u.882810 11127.894500 15091.751000 21831.388700 3346&.460900 60928.671900 8m9.976600 0.000000 
BbOO.266600 10973.087900 14738.12SOOO 19737.849600 25W7.679700 36567.226600 50938.238500 62150.43600 
8817.662580 10368.687500 11660.418000 13689.931600 16278.38TIDO 18950.857400 21306.173800 26584.599600 
68'12.165820 7300.420610 8333.218750 1005c.356600 1WW.165000 lWO6.c68800 12699.730500 146(38.401400 
5062.160640 5901.006350 6876.608890 6689.391110 6105.622070 73R.872010 8217.522440 9289.519530 
4390.396000 4981.208010 4786.124510 4190.113280 5053.1?9690 5285.843750 5106.46780 6921.900680 
3766.761720 3588.982180 3093.843750 X79.611850 4248.898440 3894.786870 U60.757810 5354.M140 
2791.949220 2427.742190 2694.715820 3016.1116130 3289.065610 2450.586910 3562.149900 4258.891110 
1958.126590 2009 . m o l 0  2249.293660 267C.133590 2579.418700 2365.982420 2940.100830 3465.629150 
1654.7PmO 1747.694460 2029.567410 2247.554UO 2049.563230 2003.142100 2457.043950 2873.905560 
1661.298710 1571.673880 1851.669900 1837.103150 1669.823360 1728.006710 2084.669410 2421.266130 

4 
0289 
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*** lSCLT2 - VERSION 93109 - - HOT SPOT W E L I N G  FOR Wlcul Ow SITE CONCENTRATIOWS USING 50 METER *** 07/16/93 
_- *- RECEPTOR GRIO AN0 1987 METEOROLOGICAL OATA'FOR CURRENT SCENARIO *** 1 S : l l : l E  

PAGE 21 
' MOOELING OPTIONS USED: COWC RURAL FLAT OFAULT - THE ANNUAL AVERAGE WNCENTRATIOU VALUES FOR SWRCE: O U ~ P ~ S P I  - - NEfYORK I O :  WSTEGRD ; NETWRK TYPE: GRIOURT - 

CONC OF WLLl I N  MICROGRAnSP3 ** 

I-COORO I X-coow) (METERS) 
(METERS) I -50.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 - . - - - - - - . - _ - - - - - - - _ _ - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - . -  

500.00 I 3U1.553470 3118.006590 4120,097170 6576.301760 4322.801760 4218.991210 4115.402340 4436.448730 
C50.00 I 3667.165530 4223.528320 5428.267090 5403.955080 5005.453130 4958.476560 5380.407230 5610.244630 
400.00 I 4503.990720 5871.452150 6913.029790 6626.693360 6102.296390 6674.669920 6953.784670 6053.165060 
350.00 I 6121 A67290 0232.001050 W.772UO 1769.968240 8519.115230 8857.286180 7576.086%0 6347.469730 
300.00 I 9317.622070 11622.9R700 10532.?30900 11280.353500 11680.255900 9768.665040 7990.224610 6929.270510 
250.00 I 1W.8owOo 15174.501000 15849.691100 16123.212900 13088.286100 10373.IWJ800 9125.091800 8307.679690 
200.00 I 23030.275400 2U69.767600 23725.7U100 18654.402300 15103.788100 13120.471700 11518.429700 9952.361330 
150.00 I 46529.238300 41125.976600 31581.802700 23964.039100 19649.715100 15436.334000 11829.343800 9228.860350 

50.00 I 151107.859000 29352.585900 4393.230500 28551.003900 20460.802700 1 5 ~ . 1 0 5 5 0 0  12532.086900 101%.959000 

-50.00 I 59610.082000 423c8.937500 29905.b0000 22060.8220500 16095.720700 12101.222700 9323.869610 7510.572750 
- 100.00 I 29689.283200 25951.209000 21367.058600 16829.789100 13864.292000 11957.351600 9623.535160 T103.698240 
-150.00 I 16785.367200 16708.58TPoO 15614.752900 13167.302800 101n.936600 8919.351560 8103.3RUO 7319.200160 
-200.00 I 10924.301800 11519.897500 '10785.621100 10746.682600 9352.928710 7386.138670 6105.835940 5656.477Q50 

1oo.00 I 94881 . n u 0 0  6 i800 .30~~0  4ias4.2266oo 2~8tu.u3900 i ~ o . ~ 0 6 0 0  14m.mmo ios7.057600 8 9 u . m m o  

0.00 I i2iw.070000 ~ . ~ ~ m o  39474.95~100 2,5298.1mo laua.s80800 i c i a . ~ ~ c c o o  11332.410200 9275.767580 

4630.974610 
4952.641110 
5 168.643550 
5605.0nuo 
6155.646970 
7537.200200 
8025.3 1 1040 
7314.201660 
7501 376660 
8661 A20900 
m7.499020 
6371.197750 
6258.873050 
63%.27686(! 
5290.028810 

250.00 I 73U-654300 8863-562500 7939.771970 7639.397950 7051.123050 6986.396000 56Bc.730960 1819.390630 4273.962600 
300.09 I 5ocS.2T1850 6612.031740 6607.336910 5740.379m 5813.461770 5991.141110 5420.153810 4513.567870 3902.053710 

-350.00 I 3998.083500 4710.820800 5548.720700 4954.239750 UP1 ~ 2 6 3 7 0  4579.629080 4726.479490 4330.800780 36TJ.592040 
-400.00 I 32TI.247310 3504.289550 4524.472170 4276.553220 3831.850100 3662.139160 3706.465820 3827.8W930 3542.803960 
-6~0.00 I 2733.615720 2T18.458500 3361.5529ao 3719.361570 3374.685300 3165.141110 3016.497070 3065.453610 3172.863750 
-5OO.OQ I 2314.119380 2360-9&8970 2634.735350 3128.778810 2995.281980 2763.385250 2660.349850 2548.400150 2592.929690 

B 
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15:11:18 
FAGS 22 

*oa ISCLT2 - VERSION 93109 - - HOT SPOT MOWLING FOR MAXIIII( ON SITE COWCENTRATIOUS USING 50 METER - RECEPTOR GRID AND 1987 WETEOROLWUL DATA FOR WRRENT SCENARIO ttt -- 
m E L : Y t  WTiQiS USED: towC RURAL FLAT OFALJLT - THE ANNUAL AVERAGE MNCENTRATIOW VALUES FOR SOURCE: QI1P3SQ1 - - WETWRK IO: ONSTEGRD ; WETWRK TYPE: GRIDCART - 

COYC OF POLL1 IN MlCROGRAMS/M"3 tt 

500.00 I 
450.00 I 
400.00 I 
350.00 I 
300.00 I 
250.00 I 

150.00 I 
100.00 

200.00 I 

50.00 I 
0.00 I 

-50.00 I 
-100.00 I 

-200.00 I 
-250.00 I 

-150.00 

-300.00 I 
-350.00 I 
-400.00 I 
-450.00 I 
-500.00 I 

4142.011720 3665.125730 3342.CU330 
4297.794430 3904.355710 3500.207520 

5012.086430 4196.751950 4202.777360 
4a0.6ma50 41w.uao 3a20.62740 

5m. t u s 5 0  5309 .aimm 4922 .sz9m 
~ ~ ~ 0 9 1 1 m  5 a 1 1 ~ ~ 6 0 5 5 0  4 9 0 0 . 5 6 ~ ~ 1 0  
65u.a14uo 53w.21fao lsa7.mao 
61W.lS7520 53U.7Wf00 L68t.260710 
6302.681660 5499.312990 4789.82360 
7136.821780 6103.318560 5201.- 
6556.861330 5630.947250 4891.241210 
5476.107420 6760.215580 llT8.593260 
5153.093750 4505.831050 39TI.2OR80 
5332.6254oQ 4489.692380 3814.0101w 
4912.945310 4568.205080 3919.250730 
3901.2nJ560 3716.198930 3524.552490 
3512.343260 3171.2060SO 2879.661130 
3225.625730 2946.145850 2697.306880 
3057.W2910 2727.07U60 2516.001220 
2967.863280 2595.637940 2339.351010 
26W.315190 2528.230710 2236.148930 
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_- - RECEPTOR GRID AND 1987 WETEOROLOCIUL DATA FOR CURRENT SCENARIO *** 15: 11 :18 

PACE 23 
rc CKlOELING OPTloWS USED: COUC RURAL FUT OFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE: oui~~sai - 

- 1825 .oo 
6722.00 
5500 I 00 

- DISCRETE CARTESIAN RECEPTOR POINTS - 
4 

CONC OF POLL1 I N  M I C R o G R A I ( s ~  ** 

Y-CmRD cn, CONC x-COORD 0 1 )  Y e Q W R D  (Io cowc - - - - - - - - - - - - - _ _ _ _ - - _ - - - - - - - - - - - . - - - - - - - - - - - - - - * . -  
-2865.00 100.335518 -3460.00 3870.00 u.uz70s 
1960.00 174.925323 l%m.oo -4590.00 65.315712 
u60.00 121 . a 0 7  5000.00 2390.00 155.003052 

I -  
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- ISCLT2 - MRSIOU 93109 - HOT SPOT MODELING FOR WIU 01 SITE CONCENTRATIO(S USING 50 METER - - RECEPTOR GRID AN0 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO m _- 

.* 3iQ)ELING BBYIOUS USED: CONC RURAL FLAT OFAULT - THE ANNUM AVERAGE CONCENTRATION VALUES FOR SWRCE: OUlP3502 - - NETWUK I O :  OLlSTECRD ; NETWRK TYPE: GRIDCART - - QYC OF mu1 IN M I C R O G R A M S / ~ ~ . ~  

15:11:18 
PAGE 07/16193 24 4 

Y-COORO I X-CWCLB (METERS) 
- 100.00 (UETERS) I -500.00 -450.00 -400.00 -350.00 -300.00 -250.00 -200.00 -150.00 

500.00 I 
650.00 I 
400.00 I 
350.00 I 
300.00 I 
250.00 I 
200.00 I 
150.00 I 
100.00 I 
50.00 I 

0.00 I 

-100.00 I 
-150.00 I 
-200.00 I 
-250.00 I 

-100.00 I 
-450.00 I 
-500.00 I 

-50.00 I 

-300.00 I 
-350.00 I 

1131.704710 1080.538820 
1277.064210 1384.269410 

1530.778320 16W.757200 
1 3 ~ 9 . a i ~ i i o  isazo99000 

1743.5a9680 iea .a i47o 
m9.amiso  2css.maoo 

3276.~5090 3a74.923580 

4617.03awo ssw.478520 
43a7.asmo 5279.t592ao 
uM.iassso 5561.u5~w 

2917.177000 3612.106690 
3006.626950 36111.333980 

6360.003420 5276.614260 

4721.008300 5328.609580 
3800.1t14130 3wO.80QaO 
3000.792240 3229.415WO 
2536.759030 2747.8012’70 
2ia2.6nxo 2400.174320 

1565 .aMm 1~93 .~5710  
1927.554320 1916 .OB 150 

1167.969360 1156.791020 
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*** 1SCLT2 - VERSION 93109 - - HOT SPOT W E L I N G  FOR WIMW ON SITE CO((CEN1RATIWS USING 50 METER - 07/ 16/93 

'- PAGE 25 
_- - RECEPTOR GRID AND 1987 METEOROLDClUL DATA FOR CURRENT SCENARIO m 15:11:18 

A--mDEIINC OPTIONS USED: COWC RURAL FLAT DFAULT 

- NETWRK ID: CMSTECRD : NETUORK TYPE: GRIDCART - 
Y-COORD 
(METERS) 

- - - L e -  

500.00 
450.00 
400.00 
350.00 
300.00 
250.00 
200.00 
150.00 
100.00 
50.00 
0.00 

-50.00 
- 100.00 - 150.00 - 200.00 
.250.00 
-300.00 0 -350.00 
-400.00 
-450.00 

tQsC OF POLL1 I N  ~ICRocRuIS/wwS w 

253.k02420 2531.678220 2581 -539310 3103.647220 3821.905030 3635.429930 3535.159420 3667.338380 3549.940190 
3074 .890630 3063 .036130 3108.1 198tO 4115.833500 4545.299320 4259.934570 1183.104980 L296.288570 4573.959470 
3008.224610 3T19.161620 4310.424000 5657.668950 5651.48BTm 5155.327660 5317.572750 5677.825200 5270.402310 
4836.578610 4771.318360 6230.346190 7209.050290 6590.025880 6769.919920 7219.052050 6645.669450 5555.279300 
6339.453130 6690.296430 9131.402340 9066.755860 8939.778320 9598.790040 8652.698240 7055.693850 6040.142580 
8687.1318cO 10915.6328Q0 13134.074200 12719.lCU00 13sn.1b8ooo l1746.?Z700 9269.949220 m0.523110 6998.670900 

12781.238300 18302.3??000 20089.916000 19879.265600 16876.090600 12913.957000 11209.661100 9881.086910 0700.812500 ' 
ttO57.06%00 36421.39wOo 54338.410200 28135.503900 21%.298800 1'1262.085900 14157.920900 10726.423000 0283.867190 
61174.339800 84U0.023400 57695.210900 ulco7.0T5000 26121.53S200 18001.121900 12883.313500 9593.996090 7X%9.168%0 

O.OOOOO0168SQ7.188000 82367.242200 43U9.253900 26959.418000 18700.159800 141%. 16tO00 11 147.MS200 8986.9121 10 
o . o o o ~ o ~ ~ o 6 i ~ . o 3 ~ o o o  69572.867200 38623.371100 24801 .RWQ i~9z .3 i2soo 12935.281300 i 0 2 1 8 . m ~ o  aztz.~01880 

4aioi .wopoo ~ 6 0 9 6 . ~ 6 0 0  oi209.074200 2 ~ u ~ i . 3 1 6 ~ 0 0  20054 .29~~~0  1 ~ 1 . 9 0 1 3 0 0  10972.385700 8328.237300 mi -992680 

1 1 5 ~ 8 . m r ~ o  i i 2 a . s ~ m  1~17.743200 13669.146500 t21m.s15ao ~ia.808590 m o . ~ w ~ m  M S S . O ~ O ~ ~ I  63'1p.30322C 

4ssa.miLo 4366.76~00 sia.951520 s ~ . ~ o c 8 8 0  5073.159180 4810.091310 S O ~ . I ~ B S O  4788.256350 3w.262700 . 

22292.418000 25497.726600 23R6.4766Q0 19295.660200 15183.241200 12315.339800 10669.857400 8624.417970 6830.130370 ' 

0070.962890 8895.987500 1oC25.480500 9110.663090 9247.01h.650 8472.552730 6633.722660 5426.901570 4821.017090 
5943.64530 5741 .742190 7279.1m0 7091.R1190 6336,6543300 6603.990230 6238.370610 5043.399410 4240.757320 

3602.058660 3650.813780 3613.953610 4600.327640 4329.594730 3902.379610 3782.852290 3973.546880 3794.472170 
2917.668700 2015.656010 2816.002200 3680.245610 3715.924320 3317.356130 314V.Ot0280 3058.105960 3205.7055fo 
2410.350100 2335.634710 2340.585690 2660.292wK) 3180.550050 2918.721190 2720.075200 2597.603270 2527.272220 

-500.00 I 2024.611210 1968.363530 1987.257810 2056.266360 2528.360110 25TI.ooOoQo 2361 -991460 2279.663330 2184.097410 
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- lSCLT2 - VERSION 93109 - 
: -’. ..- 

- NOT SPOT )KI)ELING FOR I(wI)(uI ON SITE CUNQNTRATIONS USING 50 METER -* 
m -- . . ’ - RECEPTOR GRID AN0 1987 I(ETEOR0LffiIUL DATA FOR WRRENT SCENARIO 

PAGE 26 ,. - MWEL!YG OPTIWS USED: eeYC RURAL FLAT OFUJLT - THE ANNUAL AVERAGE COWCENTRATIOll VALUES FOR SOURCE: OUlP3So2 - - YETWRK ID: ONSTECRD ; 

.n CONC OF POLL1 

N M K  TWE: GRIDCART - 
I N  )rICROGRAIIs/M”3 

500.00 1 
450.00 I 
400.00 I 
350.00 I 
300.00 I 
250.00 I 
200.00 
150.00 I 
100.00 I 
50.00 I 
0.00 I 

-50.00 I 
-100.00 I 
-150.00 I 
-200.00 I 
-250.00 I 
-3oa.00 1 

-400.00 I 
-450.00 I 
-saa.aa 1 

-350.00 I 

3770.174800 
4207.083560 
4692.437990 
4851.567870 
53oC.920900 
6378.175780 
7111 .080570 
6506.550290 
6512.666990 
7102.402830 
6854.300110 
5661 -822270 
5697.533690 
5629.431 150 
4531 .w3380 
3749.081050 
3606.91 1870 
32O5.597170 
3083.910UO 
2l%6.1133500 
21x. IT2850 

3565.9204 10 
3715.3713kO 
3905.152590 
4332.103550 
4705 .737850 
5tpQ.322T50 
5786.610900 
5439.053710 
5539. 607710 
6202.957050 
5770.535160 
4837.281110 
45u.680180 
lMo.410640 
4219.341ao0 
3326.268050 
3059.882080 
27911.P10950 
2bi9.zpubo 
25M.4lW 
2233.029830 

3154.366990 
3511 . W 5 0  
5607 .161&30 
3879.m50 
k455.521680 
5113.0%&9(1 
1741.590330 
4687.930lao 

52a0.691119a 
4V20.614750 
4183.5 19530 
3950.550020 
3899.052000 
3909.958500 
3151.599610 
27S4.375490 
2S18.-0 
2351.022?10 
22311.155030 
2177.051230 

1752.792970 

C 
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0.. ISCLTZ - VERSION 93109 - - HOT s m  MXIELU~G FOR WIW ON SITE COWCENTRATIONS USING 50 METER *- 07/ 16/93 
_- *ae RECEPTOR GRID AND 1987 METEOROLOGIUL DATA FOR CURRENT SCENARIO *+a 1S: l l :  18  

PAGE 27 
MOOELlNG OPTIONS USED: W C  RURAL FLAT DFAULT - THE ANNUAL AVERAGE CONCENTRATIW VALUES FOR SOURCE: OUIP~SQZ - - DISCUnE CARTESIAN RECEPTOR POINTS - 

CUUC OF POLL1 I N  MlCRocluns/I)..3 .r 

QIWC x-QDRD cn, Y-EmQD (M) COWC X-COORD (M) Y-COOQD (H) - - . - - - - - - - - * - - - - - _ - . - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - . - .  
- 1625.00 -2865.00 Bz .?&%% - w . o o  3870. 00 36.364010 

5500.00 3460.00 1 0 1 . 5 6 9 n l  5600.00 2390.00 130 .&E1870 
4722.00 1960.00 119.035629 6670.00 -4590.00 54.635419 

D- I I s-2 9 



15:11:18 
CONCENTRATIOYS USING 50 METER - 
DATA FOR CURRENT SCENARIO m 

PAGE 2a 

Ose THE ANNUAL AVERAGE COWCENTRATlON VALUES FOR SOURCE: QllP3SQ3 - - NETUORK IO: ONSTECRD ; NETWRK TYPE: GRIOCART - 

500.00 I 
450.00 I 
400.00 I 

250.00 I 
200.00 I 
150.00 I 
100.00 I 

0.00 I 
-50.00 I 

-100.00 I 
-150.00 I 
-200.00 I 
-250.00 I 

-400.00 I 

-500.00 I 

350.00 I 
300.00 I 

50.00 I 

-300.00 1 
-350.00 I 

-450.00 I 

> I  

,___. . . . 
i : '. 
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- 1sCLTZ - VERSION 93109 - - HOT SPOT MODELING FOR WIW ON SITE COWCENTRATIOYS USING 50 METER *- 07/16/93 
_- - RECEPTOR GRID AND 1987 WETEOROLOGICAL DATA FOR CLIRRENT SCENARIO m 15: 11 : 18 

PAGE 29 
OFAULT MWELING OPTICUS WED: COWC RURAL FLAT - THE AWlUAL AVERAGE COWCENTRATtON VALUES FOR SOURCE: QllP3sQ3 ** - NETYORK IO: WSTEGRD ; R E M Y  TYPE: GRIDCART - 

500.00 I 
450.00 1 '  
400.00 I 
350.00 I 
300.00 I 
250.00 1 
200.00 
150.00 I 
100.00 I 
50.00 I 
0.00 I 

-100.00 I 
-200.00 I 
-250.00 I 

-400.00 I 

-500.00 I 

-50.00 I 

-150.00 

-300.00 I 
-350.00 I 

-450.00 

2W2.51ogPO 3679.70t3W 4378.255860 4214.678220 L041.114500 4003.313720 3929.481380 6127.610810 4331.171390 
3674.940190 4669.216000 5057.984380 4806.007320 4651.179200 456C.152950 4814.368650 5059.018070 4935.005450 
4855.312010 5953.158690 5871.745610 5506.522460 5395.289550 5708.025880 6000.018070 5822.372560 5142.138180 
6U3.875000 7306.562990 6856.105960 6488.526860 6904.918950 7264.135250 6P97.826710 6096.622360 5318.00240 
8612.647460 8715.239800 8067.718750 8539.052730 8992.541020 8597.006880 7378.604980 6331 -882810 5737.688960 

11165.031300 10556.522500 10855.367200 11438.183600 10825.119700 9126.701170 7694.310550 6879.618650 6168.851560 
14360.196300 16612.562500 15060.2?3400 14W1.198000 11590.301800 9555.961910 8537.033200 7928.417970 73U.593750 
21 035 -683600 20753.554700 190 1 1.959000 15216.2!50000 12738.271 500 1 1571.379900 10473.018600 9676.01 7580 8315.642580 
31551.394500 2TJtP.033200 22523.330100 18431.685500 16133.643400 14155.351600 ll?D6.W900 9552.501950 78TI.509280 

67227.750000 4278.722700 31051.894500 U572.078100 16858.822300 13042.781300 10W.329100 9101.258790 78T9.4238C 
76633.367200 66286.113300 31297.375000 23172.892600 18262.959000 14759.911100 12176.768600 10218.585900 8699.760550 

44883.910200 32656.873000 2L006.152300 18110.439500 15965.002000 10963.362800 8058.299800 7589.lto610 6578.145020 
31161 224600 21914.716800 19147.996100 16467.855900 14103.79m0 1 1 2 9 0 . 9 ~ 0 0  9ltl .36150 7547.709960 6285.196290 

14225.933600 13111.815700 13424.820300 90860.949200 8659.021W 7694.C858tO 7200.315980 6686.237290 6186.509770 
1m.?31400 wJ8.043950 9998.29OOw) 9966.626950 828.540040 6781 . O m 0  5a31 .u1240 5290.566110 50&1.791020 
8758.415590 mm.026860 ?311.98&&0 7659.625690 7692,022440 6509.863750 5457.696780 4776.646000 4310.663090 
6640.713380 6791.171880 6028.158200 5799.605960 6061.6596'10 6118.336910 5263.813260 4689.406740 5990.251460 
5093.359866 5828.125900 52R.954100 l779.8Oc690 4717.002140 4921 .a2320 4985.290530 4353.466800 3776.439700 

~7612.~0000o UZQI .355500 2m7.398600 22920.668000 1 ~ 7 5 . n t o o o  13715.1a9500 108n.9tomo a740.no170 7 w . 6 ~ 7 1 0  

650?6.27~too 41saa.oana t9025.moo 21141.9a400 ibcop.5~2300 15342.750000 1io66.960000 9n2.021m fpfp.4xsf0 

20782.304100 ioo1o. to~i~0 I~W.UJOSOQ 12~0.561500 iioai.c8630~ iooo9.098600 9024.5im1 m . o m  66as.790530 
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PAGE 30 

*- ISCLT2 - VERSION 93109 - MOT SWT W E L I N G  FOR WIRM OY SITE QMCEYTRATIOlS USING 50 METER *- 
RECEPTOR GRID A M  1987 METEOUOLO(;ICM DATA FOR CURRENT SCENARIO m _- 

'* Sitr3ELING OBVlONS USED: COllC RURAL FLAT DFAULT - THE ANNUL AVERAGE QMCENTRATIOY VALUES FOR SQmCE: Q)lP3SQ3 - - NETWRK IO: ONSTEGRD ; NETWRK TYFT: GRIOURT - 
ea CDYC OF WLLl I N  M I C R O G R A M S ~  

500.00 I 
cso.00 I 

' 400.00 I 
350.00 I 
300.00 I 
250.00 
200.00 I 
150.00 I 
100.00 I 
50.00 I 
0.00 I 

-50.00 I 
-100.00 I 
-150.00 I 
-200.00 1 
-250.00 I 
-300.00 I 
-350.00 I 
-400.00 I 
-450.00 I 
-500.00 I 

4240.606930 3814.908200 
c402.226560 3926.646240 
CSI1.271CBo 4199.572150 

5 2 19 -376950 4750. %mO 
5703.126950 5 U 5  . U S 5 0  
6700.668950 6270.413090 
7051.265630 5943.747560 

6c91.954590 5715.572750 
6832.134280 5985.761230 
7498.105270 6535.U5800 
69oC.550700 6039.400800 
5759.669450 5O9O.4121 10 
5474.292970 &06&.0624ao 
5508.8111350 cR6.QoTI10 
5597.375000 4816.710150 
4 m . 4 9 o n o  4511.569a20 
3914.0935 10 374a S 16050 
3654.739750 3352.860600 
3399.271680 3140.8cZTIo 

4an.nmo ~70.713380 

655a.531~0 5616.~5510 

3631 .E2200 
36% .557860 
3887.050270 
4119.701250 
1w1. 149900 
Sl18.760740 
5165.308110 

5013.63- 
5086.288090 
5303.~984 
5761.152iu) 
5362.032520 
45u1.311ou) 
436c.241210 
4151 . o w  
42n.mm 
4254.555660 
3603.017820 
3001 .P(HaSO 
m.2365m 

5 135'.065920 
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*- lSCLT2 - VERSION 93109 - HOT SPOT WQ)ELING FOR WAKIWul ON SITE COlltENTRATlDWS USING 50 METER - 07/16/93 
_- - RECEPTOR GRID AN0 1987 METEOROLOGICAL DATA FOR WRRENT SCENARIO r.r 15: 1 1  : 18 

PAGE 31 
OFAULT .* MCOELING OPTIOWS USED: CUUC RURAL FLAT - THE ANNUAL AVERAGE CONCENTRATlOW VALUES FOR SOURCE: OulP3SQ3 - - DISCRETE WtESlAN RECEPTOR POINTS - 

.: .'! ..,.e , 1 1 1  !, . : :: , :p, .. .. . * * /  , .. .. ,*; .. 
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- ISCLT2 - VERSION 93109 - - HOT SPOT #X)ELING FOR M A X I M  ON SITE CONCENTRATIWS USING 50 METER - 07/16/93 - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR WRRENT SCENARIO m 15:11:10 
PAeE 32 

-- 
KCSLING WTIOWS USED: CONC RURAL FLAT DFNJLT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR WJRCE: WlP3sOC - NETYORK ID: QNSTEGRD ; YEIVORK TYPE: GRIDURT - 

t. W C  OF POLL1 I N  MICROGRAMS~ - 
Y-CooaO I X-COORB (METERS) 
(METERS) I -500.00 -450. 00 -400.00 - 350. 00 -300 A0 - 250.00 -200.00 - 150.00 - 100.00 

500.00 I 
450.00 I 
400.00 I 
350.00 I 
300.00 I 
250.00 I 
200.00 I 
150.00 I 

50.00 I 
100.00 I 

0.00 I 
-50.00 I 

-100.00 I 
-150.00 I 
-200.00 I 
-250.00 I 
-300.00 I 
-350.00 I 
-400.00 I 
-450.00 I 
-500.00 I 

0301 



**. lSCLT2 - VERSION 93109 - - HOT SWT MOOELING FOR Iw(l#Iy ON SITE CWCENTRATIONS USING 50 METER *- 07/16/93 
-- - RECEPTOR GRID AN0 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO It., 15:11:18 

PAGE 33 D .* MODELING OPTIONS USm: CONC RURAL FLAT OFAOLT 

THE ANNUAL AVERAGE COWCENTRATIO)( VALUES FOR SOURCE: oUlP3% - WETYORK 1O:.OYSTEERD ; 

” c o ( C  OF POLL1 

NETWRK TYPE: CRIOCART 

I N  MICRocRA)IS/er3 

500.00 I 2640.489750 2513.260250 2901 . W 2 0  3604.749760 3506.225830 3445.696530 3411.204590 3345.536380 3494.856200 
450.00 I 2886.667180 2960.816650 3797.454100 4359.968730 4137.425290 4023.326620 3958.760250 6123.560550 4346.865230 
400.00 I 3660.838620 3830.0&5880 0993.758790 5137.103520 4821.030760 4721.560550 4966.043950 5235.074020 4879.269530 
350.00 I 4225.569820 5315.150880 6514.100570 6096.787600 5m.609860 6108.353520 6U8.947270 5952.183590 5109.458980 
300.00 I 5605.722660 7429.986330 7970.896000 ?203.098140 7714.228520 8151.010550 7432.126950 6267.665530 5459.241210 
250.00 I 8205.916020 10505.965800 9860.960910 10076.909200 10659.027300 oZs1.512970 7879.48TIPO 6TU.52U10 5950.513180 
200-00 I 12625.U2000 ’13977.176800 14039.136700 lC524.189300 12751.673800 10215.256800 8520.282230 mZ.740540 7116.326660 
150-00 I 19955.726600 21483.021500 2lOU.900300 17886.185500 14066.4;r9500 12137.627900 107a0.405500 9583.lfMO 8174.362300 * 

100.00 I 3 n 7 6 . w o  ~CS~L.WJSQO 286~1 .ai2500 zms.~63100 i8toc.085900 i 5 u . a w o o  12094.870100 94ot.c86330 7561.~50200 
50.00 I 759t2.312500 54519.937500 30358.101600 2TIb7.554700 19805.554700 14556,301800 16961 323200 8735.460960 7315.820800 

0.00 I 14Q161.109000 76013.515600 11214.625000 28Tw.824200 19722.664500 15153.868200 12079.122100 9855.T29300 8197.186330 
-50.00 I 136049.328000 74161.726600 41452.582000 27333.118600 19618.302700 15200.087900 12096.658200 9850.9911050 8193.545900 

- 100.00 I 75062.328100 4873f.765600 33149.054700 22675.822300 16362.331100 12179.555000 9392.123050 7807.116700 6597.021970 

-2OQ.00 I 19229.050600 19189267600 174W.931600 1351c.76Moo 11004.930~0 9810.461910 8m.531220 7766.943650 63TI.285640 
-250.00 I ltu11.636700 12u18.002900 12039.426800 11855.3WO 9570.665090 7469.166970 6588.959960 6145.057620 5678.345210 
-300.00 I 8251.268550 9787.045900 8402.C79490 tM3.581050 8588.178710 7121.630860 5741.880370 4966.535160 4410.021970 

-L00.00 I 4260.32750 5159.903810 58c1 .E3420 5168.861260 4716.265630 1972.193360 5071 -686010 4391.895510 3703.254150 
-450.00 I 3171 -816210 3825.224850 4672.528810 4464.392090 4016.271730 3802.013430 3W2.411870 4062.990720 3586.2cc730 ‘ 
-500.00 I 2881.693360 2924.956540 3622.016110 3876 .W90  3499.665280 32W.718750 313c.347410 3280.543460 3365.406010 

-150.00 I 35163.203100 30656.943400 23923.476600 18t81.615200 15161.14t600 12253.543900 9585.639650 7 6 3 0 . ~ 0 0  6172-V(L130@ 

B -350.00 I ?053.621580 6975.428710 6 0 1 5 . ~ 1 ~ ~ 0  6374.451660 6 ~ ~ ~ 0 3 3 0  5509.055660 4554.161130 1012.60%20 . 
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PAGE 34 

ISCLTZ - VERSIOW 93109 - - HOT SPOT MWELING FOR W1)I)I ON SITE CONtEYlRATIOYS USING 50 METER .- _- - RECEPTOR GRID AND 1987 ETEOROLOCIUL DATA FOR CURRENT SCENARIO HI 

-CLING OPTIQlSUSW: COUC RURAL FLAT DFAULT - THE ANNUAL AVERAGE COUCENTRATXOW VALUES FOR SQIRCE: QIlP3sOC - - NEWORK ID: OWSTEGRD : NETWORK TYPE: GRIDCART - 
t.) COlt OF POLL1 IN MICRooRA)(s/w..5 .. 

500.00 I 
450.00 I 

350.00 I 
300.00 I 

400.00 I 

250.00 I 
200.00 I 
150.00 I 
100.00 I 

0.00 I 
-50.00 I 

-100.00 I 
-1so.00 1 
-200.00 I 
-250.00 I 
-300.00 I 

-L00.00 I 
-450.00 I 

50.00 I 

-350.00 I 

-500.00 I 

3679.201350 
4089.1 7 9 U  
4254.981560 
45 17.696290 
cBw.ul1zfo 
5405 .aa&MO 
6500.374510 
6697.626950 
6136 .LOT10 
6264.88TmO 
6928.102510 
6920. =DO 
5652.195510 
5253.242680 
S294.2b1720 
522S.672850 
41 99.022160 
3599 A76760 
3310.660180 
3016.972410 
2997.655760 

3685.;105320 
361 1.667480 
3817.118900 
4110.450200 
U 7 .  285690 
50U.417bBO 
591 1.9am 
5%2.6#y50 
5321 St3QU) 
5 4 0 6 . 0 6 ~  
5935.168350 
5926.307150 
4 9 0 0 . ~  
4587.a30760 
W . 7 B U S O  
4553.182620 
3962.656740 
3259.761720 
3 0 1 3 . W O  
2792.204590 
2611.051270 

3 107.530520 
32n.302980 
3508.371580 
3748.516680 
3992.053220 
4IDc.014160 
4996.513240 
4629 .I91 41 0 
1658.991100 
4717.5TIbu) 
51L3.as56iso 
5154.54TJbO 
4291 .m210 
4041 .4m20 
3816.045650 
38Q7.13&m 
3na.546880 
3060.015380 
2752.099610 
2S70.065410 
2391.688720 
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*n ISCLTZ - VERSION 93109 - - HOT SPOT MODELING FOR MAXIM 011 S I T E  MUCENTRATIO(IS USING 50 METER On 

-- - RECEPTOR GRID AND 1987 WETEOROLOCIUL DATA FOR CURRENT SCENARIO *n 

.M-IIQ)ELING OPTI011S USED: MIYC RURAL F U T  DFAULT 

HI THE A N N U L  AVERAeE COMCEWTRATIOU VALUES FOR SOURCE: OU1P3SQ4 - - DISCRETE U R T E S l W  RECEPTOR POINTS - 
t. W N C  OF POLL1 I N  MICROGRAWS/M”3 .n 

0 1 / 1 6 / 9 3  
1 S : l l : 1 8  
PAGE 35 
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*- lSCLT2 - VERSION 93109 - - HOT SPOT I)ODELING FOR WIIU ON SITE CCUCEYTRAtIOYS USING 50 METER - 07/ 16/93 
15: 11 : 18 
PAGE 36 

_- - RECEPTOR GRID AND 1907 WETEOROLOCIUL DATA FOR CURRENT SCENARIO m 

W E L I N G  OPTIONS USED: COWC RURAL FLAT DFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SQlRCE: QIlP3SQ5 - - NETWRK ID: OWSTECRD : NETWRK TYPE: GRIDCART - 
CONC OF POLL1 I N  W I C R o G R A n S m  t. 

500.00 I 

LOO.00 I 

250.00 I 
200.00 I 
150.00 I 
100.00 I 
50.00 I 
0.00 I 

-50.00 I 
-100.00 I 
-150.00 I 
-200.00 I 
-60.00 I 

-400.00 I 
-450.00 1 
-500.00 I 

050.00 I 

350.00 I 
300.00 I 

-300.00 I 
-350.00 1 

456.6996TI 
578.4561 16 
67S .305490 
730.370170 
847.470337 
976.023730 

1230 .U0580 
1587.136570 
1603.T10510 
1060.692140 
2372.067380 
2517.481450 
2C92.900390 
2 4 9 0 . M O  
2652.060060 
1997.152350 
1657.479980 
1375.959410 
1139.082760 
994.909100 
750.743 1 61 

491.239960 
547.632013 
71 0.0256& 
843.2639n 
920.136597 

1082.016680 
1261.0ooc50 
1864.L63750 
2000 .to1 290 
2231.72266(1 
2099.01000a 
300s .320610 
3036.156250 
3130.618190 
2094.454030 
2168.027340 
1 m 309200 
1417.122s60 
1 2&7.5052% 
928.884166 
700.669067 

@ 3 P 3  !.,,~ . . . :<- 

.. I.? 

526.50'1532 560.166809 U3.166626 Rt .12t950 719.93963 m.309032 846.512070 
593.535020 639.067749 686.236084 077.485962 835.000590 906.557373 996.051007 
610.989990 732.501177 792.751343 967.929443 1069.2VXO 1071.657350 1192.0S3000 
896.003601 043.123t13 920.377014 1061 .038820 1330.731930 1207.246950 1455.359300 

1083.997UO 1166.527100 1043.94W 1216.395510 1614.077000 1673.167240 1010.570190 
1195.936650 1cc6.61N0 1581.602340 1480.313600 1853.202960 22W.0msO uC2.431400 
1420.512910 1610.LU380 2029.185670 2279.67W10 2121.010990 3193.797610 3215.427490 
1900.249390 2054.6oc250 2510.W830 3052.777830 3580.317380 4029.022220 5165.014450 
2512.905000 3211 S O 2 9 7 0  3712.630620 4077.U2870 5120.711910 6726.832520 0903.305660 
2715.666790 3300.68c570 4563.402030 6485.114260 9053.407230 13063.051600 20056.244100 
3628.908690 UB1.756840 6294.914550 0953.493160 14153.110300 26011 .740200 63355.710900 
3072.8f9060 50W.073?30 6745.501950 9706.234170 15912.307700 29690.679700 63251 -863300 

4022.RW70 b066.9tpCOO 5398.243670 5865.020320 m7.253420 0264.333900 8829.588873 
3079.625290 3312.607990 3718.812740 6591 . W 0  U6O.IPy60 c677.0TIpJO 5oC5.2S~hbo 
2371.619870 2595.?15090 3W2.olSyIO 2009.061520 2649.385990 3542.047120 3W8.83783a 
1838.489500 2159.426760 2031.270020 1049.362300 2232.645020 2430.837160 2310.012700 
1610.798460 1507.882450 1304.474120 1500 .431400 1002. 102910 1722.mIPO 1m. 149540 
1165.334250 1077.105300 1160.500610 1303.919310 1471.970090 1337.805100 1435.316650 
863.439392 920.907850 900.19fp37 1152.077390 1126.626950 1107.479980 1175.606200 
755.308533 798.181262 854.0886% 990.937012 890.075952 9 3 2 . W 9 0  901.560115 

3m.719240 4961.326660 w . 2 n 3 9 0  o m . 2 7 m o  1207.~58400 16396.371100 21083.335900 
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rn lSCLT2 - VERSION 93109 - - HOT SPOT m E L I N G  FOR WI1IuI ON SITE COWCENTRATIOWS USING 50 HETER *- 07/16/93 
_- - RECEPTOR GRID AND 1987 HETEOROLOCIUL DATA FOR CURRENT SCENARIO m I s :  11:18 

PAGE 37 B '* MODELING OPTIONS USED: COWC RURAL FLAT DFAULT 

*- THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE: aJ1P3SQ5 - 
NETYORK IO: ONSTEGRD ; NETWRK TYPE: GRIOCART 

EOWC OF POLL1 I N  HlCROGRAMSW3 ** 

500.00 I 
450.00 I 
coo.00 I 

250.00 I 
200.00 I 
150.00 I 
100.00 \ 

0.00 I 
-50.00 I 

-100.00 I 
-150.00 I 
-200.00 I 
.250.00 I 

-400.00 I 
-450.00 I 

350.00 I 
300.00 I 

50.00 I 

-300.00 1 
-350.00 I B 
-500.00 [ 

1124.091800 1127.516110 1204.293050 12S3.c63990 1616.578250 
1349 .401980 1349.989620 1439.666140 1660.357420 19% .82V960 
1650.8c0700 1645.510620 1749.7105'10 2261.769290 2306.941410 
2066.768800 2069.1cS070 2271.574460 3071.974370 2886.990230 
2662.6816kO 2620.436200 3417.373540 3854.527830 3644.193120 
3559.933810 3462.U340 5197.170900 C893.1cB930 4770.16&060 
5022.078610 5858.232910 7289.852540 6618.9052'10 71c1.247560 
7585.052730 10561.778300 10548.38'TmO 11395.166aOO 8900.502QJO 

14629.275LOO 19dll1.002000 19769.103tOO 1U25.818400 111To.864200 
43191 300600 41572.535200 31701.007700 21212.207000 13756.536100 

0.000000106585.375000 61254.73UOO 21671.646500 13936.391600 
TJ213.WOO 75589.125000 U275.937500 191 19.158200 11872.601600 
2T805.566&00 28175 .%IO0 21 141.214800 14510.021500 11 109.426800 
11 160.836000 13767.227500 12581.575200 10196.394500 Rl6.729490 
6641.893550 mO.091110 7470.175780 7U0.168750 6380.898930 

3226.086670 3020.105520 4035.075200 3729.859860 3359.3186?0 

1903.765870 1823.06X80 1922.190840 2506.564100 2240.92300 
1528.701890 1174.193480 1561.493850 1857.780030 1924.625410 
1254.818850 1216.569820 1292.2MU160' 1393.133060 1662.665890 

w.620120  4561.311060 5 a ~ 6 6 0 1 6 0 '  ~ m 3 5 2 0 s o  4 9 3 7 . a 1 3 ~  

24s.0373~0 a10 .~6sco  2 ~ 5 . 9 1 ~ 1 0  3060.a15920 271a.amo 

1626.591800 
1926.275880 
23x.53a5n 
2852.869380 
3590.24W 
5267.826170 
6166.3979SO 
W . l 3 6 7 2 0  
9285.065430 
9122.655270 
9915.192380 
8588.057620 
TI1 1.158200 
4389.724610 
4m.mC80 
4386.752930 
3529.196290 
2535.169630 
2117.68T140 
1781 .714050 
15 10 .no870 

1626 -4 1 5280 
1927.2871 10 
2297.876020 
2808.1315VO 
3951.035890 
4504 .?A1700 
4937.382810 
5850.591800 
7310.588380 
6552.109380 
7460.5 18070 
6530.406250 
5576.195800 
5561.471190 
3908.606200 
3406.379390 
3206.029050 
2656. 046390 
1985.847290 
1698.560300 
1660.264160 
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161 9.206180 
1893.584470 
2261.910190 
3056.285160 
3441.513180 
3732 .a921 0 
4190 A02340 
5166.871580 
5129.246580 
5193.22ppso 
5797.378910 
5143.632620 
4380.021970 
44 13.939450 
3561.750000 

2579.378170 
21c9.569580 
2072 .m1m 
1600.920170 
1394 -580320 

2922.4 18-o 

1589.737TPO 
1866.850830 
2447.U8730 
2719.820310 
2924.831300 

36O3.W7560 
4579.252640 . 
11 16.2SlCM) 
4218.550780 , 

4648.668260 t 

4161.710720 
3609.674070 
US4 .a09 160 
3266.375000 . 
2520.652340 
2268.291020 .. .. 
2026.880130 
1935.716920 
1666.705930 . 
1320.395510 

32S1.217530 - t  

. I  . f. :", 
@ 3 n'6' r..; 

. .  
i .  . .,. 
, . : .  

':e '. ' !j , 
~ . -  . .  



15:11:18 
PAGE 38 
07/16/93 4 - ISCLT2 - VERSION -109 - - MOT SPOT I O E L I N G  FOR W1M ON SITE ~ Q N T R A T I O l S  USING 50 METER - 

*.a _- ’ - RECEPTOR GRID AN0 1987 METEOROLOttfAL OATA FOR CURRENT SCENARIO 

.m ROOELING OPTIWS USED: W N C  RURAL FLAT OFAULT - THE ANNUAL AVERAGE COWCENTRATIOW VALUES FOR UIfRCE: QllP3SQS - - N E W K  10: WSTEGRD ; NETWRK TYPE: G R I O U R T  - - mc OF m u 1  I N  w ~ c ~ o ( i r u ~ ~ s w ~  

Y - C m m  
(METERS) - - - - - -  

500.00 
450.00 
400.00 
350.00 
300.00 
250.00 
200.00 
150.00 
100.00 
50.00 
0.00 

-50.00 - 100.00 
-150.00 
-200.00 

1569.029510 
2007.115530 
2207.283450 

2597.323970 
2813.058590 
3306.10S710 
3616.067360 
3419.716800 
34%.03?160 
3813.942380 
3111.209470 
3028.454100 
27177.068850 
2864.235350 

as6.94nm 

1684.au060 1551.556030 
1032.410210 1635.988710 

2 121 .&io60 191 7.47b320 
2311.8wTJo 206b.469480 
2498.3%680 u93.481690 

2894.670410 2421.6L9410 
2899.915280 2490.587450 
2947.580m 2520.046920 
3 180.678760 2707.55 la50 
2896.268550 2173.919190 
2579.10050 222~ .~7950  

23!S.611UTo 1956.389770 

1942.4312’20 i m . ~ i z s o  

3018.2%110 m z . 1 ~ 1 7 0  

2~06.4~0’20 2 0 9 2 . ~ 0 1 0  

-zso.oo um.no520 2 1 ~ 9 . ~ n o 0  ~m.mso 

-350.00 I i813.0~~270 ias.us980 1160.~~7690 
-300.00 I 1999.668090 1769.13&80 1572.5421110 

-500.00 1 1636.213290 1483.693970 1%8.217190 
-150.00 1 1570.55R50 1349.133060 1241.483620 
-500.00 1 1372.178470 1305.090580 1139.510710 

4 
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PAGE 3 9  

IsCLT2 - VERSIW 93109 - - HOT SPOT UWELING FOR WIlcw ON SITE UWCENTRATIWS USING 50 METER 
* RECEPTOR GRID AN0 198? METEOROLOGICAL DATA FOR WRRENT SCENARIO _- 

B WODELING.OPTIWS USED: # w C  RURAL FLAT OFAULT 

9.. THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE: O L J ~ P ~ S O S  - - DISCRETE CARlESlAN RECEPTOR POINTS - 

D-111-41 



a 0- ISCLTZ - VERSION 93109 - - HOT SPOT ~K~DELING FOR cux~wul ON SITE CONCENTRATIONS USING 50 METER 07/16/93 - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO * 15:ll: 18 
PAGE 40 

*- 

_- 
’I rnEL!UG sPT:*s usa: etiiic RijaAL FUt OFAULT - THE ANNUAL AVERAGE CO)(CENTRATIOW VALUES FOR SOURCE: (UlPIT4 - - NETWRK ID: ONSTEGRD ; N E T m K  TYPE: GRIOURT - 

COYC OF POL11 I N  MICRoCRAnS/M”3 w 

Y -EooRD 
(METERS) - - - - - _  

500.00 
450.00 
400.00 
350.00 
300.00 
250.00 
200.00 
150.00 
100.00 
50.00 
0.00 

-50.00 
-100.00 
-150.00 
-200.00 
-250.00 
-300.00 
-350.00 
-400 .oo 
-450.00 
- 500.00 

1597.383060 1777.506840 lTps.424680 1731.015900 1671.06MSO 1783.752080 2131.701900 2559.415530 2581.054000 
1673 -934080 1884 A27640 21 18.8391 70 21 56.632570 2080 .a9600 2006,669920 2287.324710 281 8.469240 3 107.420650 
1825.967900 1982.740600 2262.521970 2579.398930 2665.06CcSO 2554.018100 2456.547850 3103.056640 3779.298100 
2020.558720 2175.122310 23%.001%0 2 ~ . 6 9 2 8 t O  3213.287600 3321.588130 3213.023930 3405.mlOO 4309.363280 
2470.653560 2491.416260 2649.406250 2958.926030 3693.2M10 4111.574710 4295.633300 4265.174000 4902.620610 
31t0.410160 3326.676760 3459.277830 3541.781490 3743.920170 6520.566880 5U1.395510 5768.307130 6405.337890 
3534.928960 4073.920900 4539.325200 W.261720 5178.Cult40 550.974610 6162.896970 1522.955570 8589.667970 
%20.250980 6209.654300 4912.518550 5U.9177SO 6912.310064 m.2T1810 8706.993160 1 0 2 8 1 . 6 ~ 0  11901.383800 
3819. l679SO 4345.3p6QIo 50&7.399410 6057.750980 m7.m 9135.302730 11529.166000 14158.574200 18030.6&100 
4655.962400 5372.361330 6272.478520 7425.25- 09%.088t80 1129S.240200 116674.235400 19694.671900 28119.976600 
5659.108400 6592.9Sb00 T780.185060 9320.532230 11367.402300 14166.076000 18131.091800 24578.044900 36093.027300 
5512.168950 6406.738280 7539.164530 9000.745120 10930.43B00 13826.MOO 18240.X9600 24849.851600 35676.820300 
5230.0356CO 6015.413570 IoM.613m 8633.851560 1OR8.585000 135TI.oPu100 17517.184500 22492.652300 28453.21c800 
5297.560060 6269.820310 7501.1066SO 9082.825200 11116.516600 12795.557600 14361.580100 16929.265600 19756.943600 
5552.678710 6522.082050 7628.086630 8256.- 8901 .1*c530 9576.732120 lORl.213900 12261.638700 13520.891600 

u28.013670 4570.5aOO 4747.621090 5126.666990 5846.133190 6553.166420 6757.088870 6311.345210 6212.698240 
3630.812990 3851.136960 41W.756350 45R.205130 5071.U4820 5170.082520 4t80.615230 4414.335450 5349.405350 

5430.150390 5761 .8m60 6083.sisi60 ~u.8388310 6m.iot380 7597.021830 am.6n710 9187.8~420 9 u a . 6 n n o  

3189.9m90 n s a s 4 i n o  3a.842290 4 ~ 0 . 0 8 0 s ~  40m913090 3760.53‘nso 3290.894010 3929.655760 4631 . um 
2ao2.7t3130 30~2.2omo 3 m . 0 8 ~ ~ 0  noo.uo330 3068.3aaio 2607.365~0 2%2.360€%0 3w.qmso 3 7 a . 2 1 8 ~ 0  
2553.802490 2138.7CIJ540 2729.103350 2519.t99560 2237.616210 2365.871580 2700.692630 3124.744340 3066.702390 

. L .: 
’.. . , -’. ..* ; 

0 3-69 
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- lSCLT2 - VERSION 93109 - - HOT SPOT MOOELING FOR WAxIIM( ON SITE #)((CENTRATIONS USlNG 50 METER 07/16/93 - RECEPTOR GRID AND 1907 METEOROLOCtUL DATA FDR CURRENT SCENARIO *..I 15: 11 : 18 
PAGE L1 

- 
B e -- IOELING OPTIONS USED: C W C  RURAL FLAT OFWLT - THE ANNUAL AVERAGE COWCENTRATlON VALUES FOR SOURCE: OU1PIT4 *..I - NETWRK IO: OWSTEGRD ; NETYORK TYPE: GRIDCART - 

” CONC OF POLL1 IN MICROGRAHS/P3 

500.00 I 
450.00 I 

350.00 I 
300.00 I 
250.00 I 

150.00 I 

50.00 I 

-50.00 I 

-150.00 I 

400.00 I 

200.00 I 

100.00 I 

0.00 I 

-100.00 I 

-200.00 I 
-250.00 I 

-400.00 I 

-300.00 I 
-350.00 1 

-450.00 I 
-500.00 I 

D 

2463.107910 2934.430210 3767.904790 3991.932130 3074.495850 4487.640630 5572.403320 5078.??4900 5569.716000 
3001.940490 UU.V16780 4670.R3630 47k1.240720 4577.365720 5005.101560 7013.009’110 6019.726610 6371.726560 
3705.9255CO 40f8.107100 5309.462300 571 9.86621 0 6000.282710 77%. 730470 85 10.221540 7955.5 1 5 146 762.3 -59521 0 
4661.261RO 5136.616210 6621.211430 7029.681500 83c8.979490 10306.920900 1017C.546900 9507.556690 10200.001000 
5907.230670 6696.063480 0322.074020 9159.900670 11713.WO 13307.t37300 1U24.160200 13115.73?300 13595.761700 
7509.550780 0%0.300180 10957.118200 13865.534200 16643.0zuOO 17134.900100 17819.709100 17956.570300 15950.407300 ’ 
10106.447300 12354.60&00 15523.576200 21412.939500 24716.013300 25010.716000 24029.324200 21562.685500 1 TI19.789100 
14450 - 1%3W 19905.357400 27233.929700 35336.1 17200 40674.914100 37870.71 OOOO 3271 0.3Q0600 26599 .3 16400 21686.240000 
26678.119100 35834.371100 56280.796900 74704.007800 RC96.431500 56226.781300 42203.281300 32401 .I46500 25219.000600 
432W.wB800 56583.168000 400C6.14W00127051.836000123501 .WOO0 790911.302800 49974.582000 35116.675000 25576.071100 
59020.367200 89247.390600 0.00000Q 0.0000001w1834.719000 05866.578100 52969.250000 34662.525600 26242.410200 

3m6.261TQO 52433.023100 67052.335900 67101 . M O  U151.781300 &%22.7181)(30 34553.46V200 26682.0n000 20153.787100 
22416.591000 2m.MZ100 30055.085900 W732.207Q00 350C6.726600 31561 .A74600 26215.082000 21168.poot00 17372.357401! 

~ 1 . 3 9 9 4 1 0  10518.331000 11006.161100 13739.165500 15083.570300 14ot3.2&200 14511.131000 14093.762300 11926.004900 
R37.390630 7677.506390 0?%.1220?0 9610.366210 10809.855000 11632.990200 10590.119100 10559.527300 10574.911100 
5604.524900 5762.81u7w) 6902.b6930 7116.942360 7884.905320 9258.183590 0609.30’1100 7845.096000 8166.149610 

3161.101250 3480.849850 4612.207520 476a.524900 1465.T73WO 5475.453610 6319.926270 5762.657230 5178.308590 
Zm.&WfpD 3131.372800 3070.44960 3995.0’10510 3773.124270 4274.547850 5053.566410 5070.502UO U . 9 2 ? 7 3 0  

57049.226600 74891 .a1300 1 rbw .533200 wa. 1719001 1 091 7.41400 69749.7031 00 ~504.785200 3 1583 .zzotoo 23296.002000 

14450.696300 1W1.332000 17211 .492200 20659.722700 22427.359600 21551 .E9800 19705.369100 16200~73Cw)O 13674.562500 

4373.425290 *410.t82p0 5587.250980 5764.990050 5855.W50 7077.606040 7361.014160 6575.700680 6216.841730 
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15:11:18 
- ISCLT2 - VERSION 93109 - llOT SPOT #ODELING FOR W 1 ~  ON SITE CONCENTRATIoSlS USING 50 METER - RECEPTOR GRID AN0 1987 WEIEOROLOCIUL DATA FOR WRRENT SCENARIO 

- - _- 
MOOELING OPTIONS USED: CDNC RURAL FLAT OFAULT 

THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE: WlPIT4 - - NETYORK ID: OlSIEERD ; 

). QI(C OF POLL1 

NETVORK TYPE: GRIDCART - 
I N  MICRocIuI(s~3 

- 
PACE 42 

500.00 I 5374.5800110 5321.688960 5722.186130 
450.00 I 6316.098630 6810.26Tooo 7077.51c650 
400.00 I 8212.256880 8588.821220 7958.961910 
350.00 I 10659.115200 97?3.420900 8378.008790 
300.00 I 12298.805700 1039.2??300 8752.372070 
60.00 I 13130.1wSOO 10901.15900 10101.192~ 
200.00 I 15119.186300 13607.547900 12tU.6901oo 
150.00 I 18831.152500 16(Wl.S33WO 12978.520500 
100.00 I 19349.986300 15115.MIuM 11996.312100 
50.00 I 19145.093800 15064.6309oO 12%2.5%100 

20741 .OlS?OO 16798.185500 13880.- 
-50.00 I 17699.652300 14a8.151400 11951.002000 
-100.00 I 15675.906300 12127.027300 10017.21~ 
-150.00 I 15180.~00 12667.86UW 1oscZ.bm00 
-200.00 I 11779.083800 1 0 7 1 2 . ~  W14.120120 
-250.00 I 9638.666990 8t32.4&8&0' 7746.76'1580 
-300.00 I 9144.051t50 7571.803710 6319.65- 
-350.00 I 8228.330080 R5f.356980 6111.94910 
-400.00 I 6509.953610 6587.315630 587Q.CSmJO 
-450.00 I 508&1262'10 5316.505910 5396.870610 
-500.00 I 4319.526370 4217.108600 4438.145020 

0.00 I 
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- ISCLTZ - VERSZW 93109 - - HOT SPOT eYbELlNG POR W I R M  Ow SITE CONCENTRATlOlS USING 50 METER 07/ 16/93 
-- - RECEPTW GRID AND 1987 UETEOILOLOGTUL DATA FOR CURRENT SCENARIO HI 15:11:18 

PAGE 63 D ** MWELIUG OPTIONS USED: M W C  RURAL CLAT DFAULT - THE ANNUAL AVERAGE COWCENTRATIOw VALUES FOR SOURCE: QI1PIT4 - - DISCRETE CARTESIAN RECEPTOR POINTS - 

. .  . ... 

0312 .' , 

. , .... f , ' ,  

, ., . . .. 
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** ISCLT2 - VERSION 43109 - HOT SPOT I O E L I N G  FOR WIM ON SITE CONCENTRATIONS USING 50 METER *- 07/16/93 - RECEPTOR GRID AN0 1907 METEOROLffiiUL DATA FOR CURRENT SCENARIO m 15:11:18 
PAGE U 

_- 
MODELING OPTIONS USED: COlC RURAL FLAT OFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE: OUlBPIT - - NETWRK ID: OUSTEGRD ; N E T m K  TYPE: GRIOURT - 

- 
CONC OF POLL1 I N  MICROGRANSW3 - 

Y - COORO 
(METERS) 

500.00 
450.00 
400.00 
350.00 
300.00 
250.00 
200.00 
150.00 
100.00 
50.00 

0.00 
-50.00 

-100.00 
-150.00 
-200.00 
-250.00 
-300 .00 
-350.00 
-400.00 
-450.00 
-500.00 

I 

X-cOoi10 (METERS) 
-500.00 -450.00 -400.00 - 350.00 -300.00 -250 .00 -200.00 -150.00 -100.00 

496.fTzp05 679.557431 402.647300 520.051392 556,761180 596.910950 747.509111 713.920040 m.301392 
525.824047 600.125000 500.616630 505.656799 634.896179 662.386556 027.336121 801 3 0 1 6 0  909.200762 
592.311107 640.742790 742.753786 719.513062 726.925415 7P3.c607% 901 -563660 1109.574150 1078.542360 
676.447380 729.859926 T99.129736 944.311157 917.018311 920.242188 1020.864620 1337.050590 1350.9oC300 
760.1652113 842.201530 922.WwS7 1027.556760 1242.353390 1211.841670 1229.345090 1517.066280 1826.13Tmo 
916.001636 964.739929 1076.736080 1201.985470 1310.375240 1109.&8320 1680.??VQSQ 1708.623540 2497.690240 

1200.749760 1339.210140 1396.398680 1422.633060 1630.953250 1919.W6490 2502.011500 2490.000000 3060.431010 
1261 -995680 1601 .195800 17%.0QS710 2100.638920 S72.0?39?0 2486.140870 2082.5U190 1023.791260 4363.667680 
1390.c88530 1629.230590 1923.423830 2310.214360 29110.823490 3940.1862m 4835.n8320 5684.080570 7479.843260 
1510.9594tO 1787.580260 2151.569090 2606.090090 3253.843750 4188.040530 5884.599120 8953.780270 14%3.238300 
1998.115860 2400.085990 2941.780030 3692.131590 4m.250790 W28.425290 9151.333900 14066.519500 25449.507800 
10VC.474000 2263.536100 2753.992680 3425.391110 4377.596190 5Tp1.501460 0407.951100 15386.025200 21502.701000 
19?V.134620 2306.91u100 2793.238710 3480.053410 4617.977540 6302.?221?0 1627.821780 9021 .63TmO 11693.091000 
1940.068970 2351.446550 2929.840090 3594.MO 3935.213130 4206.816450 &06V.Two50 6211.115510 58aa.9TJllC 
2W6.0%1JO 221J.2s7810 2408.510010 2541.69T510 2821.257080 31a0.095460 3019.392090 3407.364260 3m.3759ao 
1 6 3 o . 1 2 ~ 0  1 m . i t i 0 2 0  ~m.oam 2044.aam0 2212.1~~620 za7.mmo 229t.w120 2212 .~m00 2w.%9240 
1363.6c8010 1 4 5 0 . 3 3 W  1518.755000 1659.696290 1066.133180 1655.001590 1602.658450 1890.880190 2007.949710 
1156.049680 1210.472050 1m.114750 1400.S2650 1252.447630 1216.708130 1311.799680 1613.630860 1501.733520 
971.362054 1012.982120 1101.C18Qm 982.567606 956.743225 1026.357670 1153.660520 1294.576660 1175.409120 
023.650146 8115.141357 792.mC205 m.263916 025.450317 012.035950 10W.261MO 1001.Zmt0 981.372575 
RB-169666 654-3728U 630-865ZU 678.885803 715.768066 755.263855 881.0?20?0 794.159100 831.926- 
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*** lSCLT2 - VERSION 93109 - HOT SPOT WODELSNG FOR M ( I l ( u (  ON SITE tO)lCENTRATIONS USING 50 METER - 07/16/93 
_- ow RECEPTOR GRID AND 1987 METE(IROLO(;KAL DATA FOR CURRENT SCENARIO *- 15:ll:lB 

PAGE 45 D -.* MODELING OPTIONS USED: COYC RURAL FLAT DFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE: W1BPIT - - WETWRK IO: ONSTEGRD ; 

e W N C  OF POLL1 

NEThDRK TYPE: GRIDCART - 
IN M I C R O W W I S / P 3  ** 

Y-CWRO I X-c#)RD (METERS) 
(WETERS) [ -50.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.0C 

500.00 I 

LOO.00 I 
450.00 1 

350.00 I 
300.00 I 
250.00 I 
200.00 I 
150.00 1 
100.00 I 

0.00 I 
-50.00 I 

-100.00 I 
-150.00 I 
-200.00 I 
-250.00 I 

-400.00 1 

-500.00 I 

50.00 I 

-300.00 I 
-350.00 I 

-450.00 I 

D 

850.602539 1120.955200 1130.058590 1220.506230 1275.520320 1633.053710 1665.326050 1661 .463600 
900.619780 1353.676510 1372.333500 1&69.095260 1667.53T8CO 2061.111000 1901.688350 1900.000420 

1441 -336670 2100.5W120 2125.107670 2295.122070 3244.002030 3026.475030 2903.200640 3001.864500 
1000.950070 2750.322750 2756.116210 3552.)88330 4116.?74410 3864.R6070 3902.620420 4230.465020 

35W.016410 5415.936520 6306.476560 8174.251460 7601 A96090 0364.201170 bcc1.515140 5175.778810 
5t98.290030 8479.329100 12071.063300 12805.695300 15551.685500 9591.155270 7424.120120 6486.628910 

10678.761700 17671.0pobo0 26131.5469(10 21621.437500 17121.484400 13031.107100 10193.42OQ00 7191.031250 
26574.306640 56628.418000 73674.921900 39991.480500 22a%.261m0 13690.461300 0083.260740 6715.523UO 
60650.463000 0.000000128679.164000 47711.234400 23910.171700 15377.471600 10711.207100 7905.175290 
36101 .OS0600 50160.101600 551U.511700 30750.255900 103R.tt8800 11662.363300 7620.706540 5036.575200 
13320.614300 16695.691400 20326.500000 17122.683600 12421 . L W 0  9686.5693&0 7979.395020 5 0 0 2 . M  
6660.214360 0269.176760 10023.030500 9745.643550 9612.679690 6932.665530 5232.347170 4759.090430 
3983.717530 5296.63?700 5524.216800 6700.187ppo 5741.072750 6031.243650 4643.684080 3609.212100 
2521.373780 3660.661130 5456.421390 4711 .t36820 4t22.021000 3940.160610 4153.953520 3335.721600 

1513.002200 2064.186150 1969.555910 2108.334960 2787.255040 2433.412350 2296.000540 2207.764650 

1016.200460 13f5.5450a0 1209.797240 1313.705320 lL95.929080 1773.0WO 1609.190050 1547.745120 

1117.062~0 1 a . t 3 ~ 0 0  1 a 7 . 5 3 ~ ~ 1 0  1aoz.s~1t,70 ai1.324950 2c8c.467270 2420.636ao 2371.026610 

m0.210150 3745.022020 37is.siv290 ssa.aa79o 5306.122070 s303.0032ao s m  .3a%so 4 ~ 0 . 6 ~ 7 1 0  

1916.055910 2694.7a638D 2575.689450 3110.091310 3411.641360 3009.W650 2885.502930 3039.853030 

1227.439500 1632.569090 1503-251100 1681.312380 2029.1699t0 2071 .I09620 1914.260920 1012.653010 

as6.120300 1095.1~490 ion . t w o  11~2.~74100 11av.mim 1433.979980 1394.122680 1329.321100 

1652.2CVS 10 
1942.002150 

3240.292720 
3507.868900 
3065.756100, 
4341 S69340' ' 
5632 .ow1 20 
5 2 2 0 . w 0  * 

5262.840140 
6006.010250 . 
4620.610350 
4346.215330 
4245.3Q2!580 
3113.5T7150 
2751 .?I9970 
2516.543210--+' 
2324.M6540 
171(1.010790 
lc69.006350 .. 
1278 -4661 90 

zm.94aooo 

D-111-47 i' j. ". I 
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ISCLTZ - VERSIW 93109 - - HOT SPOT MODELING FOR NAXIMA 01 SITE COlCENTRATlONS USING 50 UETER - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FUR CURRENT SCENARIO m -- - O E L I N G  OPTIONS USED: U W C  RURAL FLAT DFAULT - THE ANNUAL AVERAGE COWCEYTRATIm VALUES FOR SOURCE: OUlBPIT - - N E M K  ID: ONSTEGRD ; NETWRK TYPE: CRIDCART - 
COlC OF POLL1 IN MICROGRAUS/M”3 

500.00 
450.00 

350.00 
300.00 
250.00 1 

150.00 I 

ioo.00 

200.00 I 

100.00 I 
50.00 I 
0.00 I 

-50.00 I 
-100.00 I 
-150.00 I 
-200.00 I 
-250.00 1 
-300.00 I 
-350.00 I 
-400.00 I 
-450.00 I 
-500.00 I 

1619.188230 

2565 .oU570 
2749 .E1220 
3000.588870 
3337.958980 
3881 -182130 
U67.299320 
4 107.35COoO 

6833.77UlO 
3765.510zsO 
3476.391110 

2815.0&9120 
2389.025190 
2133.608400 
1969.558960 

1422 -39771 0 
121 7.832UQ 

iw.ao2000 

4 a a . a m 5 0  

3512.9450m 

1 w.716470 

1623.49a10 
2085.690090 
2217.29614Q 

2616.753660 
2896.048140 
3511.155050 
3483.326460 
U39.055Loo 
U90.164600 
3935.320070 
31 27.33691 0 
2919.5947’30 
2807.76831 0 
2613.68%30 
2083.125000 

lToc.867070 
15a66.01oUIo 
1492.813960 
1102.630370 

aw.na911o 

1 ~ 9 1  m m o  

1734.849490 
1829.501950 
1965.079740 
2151.562260 

2585.25o9ao 
3059.530760 
2816.616000 
2898.362060 
2926.801620 
3268.a53760 
2641 . m 1 0  
2487.nam 
2299.a2180 
2361.360ma 
1858.989260 
1680 .?WHO 
1535.5W520 

1307.507200 
1241.68oc20 

t 3 1 1  .am90 

1395.310610 
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fSCLT2 - VERSION 93109 - - HOT SPOT MWELING FOR WI)cw ON SITE COICENTRATlWS USING 50 METER OOO - RECEPTOR GRID AND 1987 METEOROLOGTUL DATA FOR CURRENT SCENARIO "f _- 
D rt MOOELING OPTIONS USED: QJlrC RURAL FLAT DFAULT - THE ANNUAL AVERAGE COLltENTRATION VALUES FOR SOURCE: qJ1WIT - 

Ikn DISCRETE CARTESIAN RECEPTOR POINTS - 
t., CONE OF WLLl  I N  M I C R o G R A n S ~ 3  ** 

, 

D-111-49 
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*- lSCLT2 - VERSION 93109 - - HOT SPOT MODELING FOR WIW ON SITE CONCENTRATIONS USING 50 METER - - RECEPTOR GRID AND 1907 METEOROLOGKAL DATA FOR WRRENT SCENARIO m _- 

W E L I N G  OPTIONS USED: CaYt RURAL FLAT DFNLT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GRQIP: SGQllPTl - 
I N U R I N G  sQuRCE(S): WlPIf1 , - NE-K ID: ONSIEGRU : NETWRK TYPE: GRIDCART - 

500.00 I 1022.053160 1085.831300 l296.78%50 1421.270020 1373.525880 1401.821170 1479,903320 lW0.240540 2192.871360 
450.00 I 1126.456670 1109.198120 1380.903080 1642.401000 1613.%9&70 1501.566700 1675.514650 2111 .U1410 2534.762210 
400.00 
350.00 
300.00 
250.00 
200.00 
150.00 
100.00 
50.00 
0.00 

-50.00 - 100.00 
-150.00 
-200.00 - 250.00 - 300.00 
-350.00 
-400 .Ob 
-450.00 
-500.00 

12U.236020 1525.261230 1U.339360 1785.710530 1913.416500 1855.0689to 1913.940920 2446.856C30 2963.637210 
1406.657590 148L.143000 1589.01- 1939.5422C0 2208.4167S0 2222.513670 2208.559080 2875.749270 3511.170170 
1093.117460 1808.600310 1005.134520 2099.t5a470 2614.258060 2m.565920 2578.519290 3C26-845L60 4UL-821180 
2292-100150 P55.591310 2250.421630 2zsC.- 2915.m150 3301.205320 3251.103760 4155-359380 51’18.059080 
2470.001860 zPol.30?210 3012.53360 2079.966800 32U.398680 4159.378420 4184.902910 5145.962400 6489.020020 
2617.068120 317J.587650 3797.915610 39119.4220S0 3m.421- 4031.912110 5695.569340 6769.690430 8557.000000 
3363.845700 3411.905110 4201.t5cuIo 5171.9760’10 5529.452620 624&.wOOtO 7392.650390 9654.2%380 11152.W300 
4600.561010 5056.761650 538.054000 6113.256800 7433.139750 0?9&.131840 10459.351600 13855.923000 19229.695400 
5303-&61430 6c95.558590 TZP1.031050 0017.901iZJO lO’IW.LPC100 13034.163100 16039.061300 23522-396500 35600.414100 
5646.415530 6776.857890 0 6 1 4 . 7 M  11232.135800 15130.bW0 20508.L62900 50679.014500 50001 .?03100 6W.992200 
74tf.001370 9160.899610 11532.711900 15379.058640 214Ek.1- 32330.wopO0 59292.718800 69052.421900 0.000000 
0266.471680 10zzB.2969Q0 lt415.016100 1TzfC.OzQ300 24718.RQt00 378c5.7?3&00 606Q2.625000 91156.015600 0.000000 4 
7639.341~00 ~32.005860 12539.~0800 1~m.smoo DZW.~UIQQ 32608.550800 4n37.531300 iini .izsooo 10976.671900 
8014.715390 10ouI.8%500 12781.612300 14507.51M0 17615.355500 21410.755900 2S055.091800 312W.021500 36285.914100 
78’18.549610 9346.4052tO lQS7Q.PTMOO 12161.930700 13752.050800 14661 -630’100 16121 .943100 19T57.Bt2300 
5999.276860 6239.097660 7118.969240 8550.2- 0m.67810 ~ . 6 3 5 ? 4 0  906.916020 10716.000000 11011*610100 

0614.426760 

u75.613m 5507.591800 6061.193~50 em~wiao 5715.067190 6on.muo w~.561520 7451 .cmmo 0617.3~20~ 
4099.411130 4589.t59260 U . 7 0 M 8 0  4226.92c800 4176.278320 5113.969260 4951.545750 5400.094240 6668.625000 
3589.748290 3614.202000 3276.233100 3001.1950’10 3462.055180 4119.696290 3748.172050 4399.703610 5277.515140 

D-111-50 
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Oo0 

D e -- MODELING OPTIONS USED: COUC RURAL FUf DFAULT - THE ANNUAL AVERAGE ~ Q N T R A T I O N  VALUES FOR SOURCE GROUP: SGOUlPTl - 
1NCLu)ING SQIRCECS): OUlPlTl  , - NETWIRK ID: OWSTEGRO ; NETUORK TYPE: GRIDCART - 

* COW OF POLL1 I N  W I C R o c R A I I s ~ 3  n 

Y-eOORD I X - m  (METERS) 
(METERS) I -50.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 - - - - - - - - . - - - - - - - . - - - - - - . - . - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - -  

500.00 I 21a.730710 2206.35~90 22s5.3a5990 2~~4.104740 3 ~ 9 . r n 4 i o  3176.3mm 30f~.s42no 3om.0~17400 

350.00 I 3~5.843260 x~siwo 4 5 ~  . O T ~ ~ L Q  5207.16?~80 t e ~ 0 . 6 9 n m  4749.755370 w . a i o s s o  4 9 4 9 . ~ 1 4 0  
300.00 I 4129.6naso u z m i 2 9 9 0  sn6.s91310 6128.001950 5722.521000 5563.450680 s w . 6 ~ ~ 3 0  6247.t32~10 
250.00 I 5035.2ui40 a s . ~ ~ i o  7760.9~660 na.mom ~m.255860 m a . 4 w i 2 0  7683.762210 7090.ao2250 
200.00 I 6 m . u i 9 i o  8822.396530 9 ~ 7 6 . 3 m i 0  8 ~ 6 . 9 1 0 ~ 3 0  m.g5t060 9710.~~3100 w 5 . i m m  74n.55aiio 

450.00 I 2501.764890 2539.222410 2 6 9 2 . W 0  3415.736570 5731.190670 3581.176510 3515.577640 3476.373290 
400.00 I 2917.691410 2952.259030 3491 ,406080 4287.690920 4285.720490 4075.094240 4029.011410 3940.209720 

150.00 I 10010.714800 12366.405300 11698.4707W 12112.504900 12666.200200 11354.666aOO 9392.8S1560 7941.782710 
100.00 I 1 5179.l97100 16507.806640 17055 .716800 1?2%.645300 15120.513700 12161 -996100 10219.060000 9368.803710 
50.00 I 23647.652300 25982.5254300 24886.783100 21136.835W0 1T208.939500 14598.4R?Q0 12921.520500 11455.719700 
0.00 I 45018.699200 C1370.7?3400 34670.472700 27029.408t00 21103.394500 186W.189500 14317.951200 11281.86u00 

-50.00 I 9~~3.765600 65~~2.031300 4~886.a5600 3zsa.369100 233w.695300 imi . ~ ~ o t o o  i3089.4~000 1 0 2 ~ . 0 ~ 2 m o  
-100.00 I i a ~ . ~ 3 i o o o  931~~543800  ~2u.830600 345d3.3tm0 23899.252000 18059.~~0800 1 ~ 2 0 . 7 i ~ a 0 0  i i ~ 8 1 . u ~ o o o  
-150.00 I 153793.469000 89133.6563300 U631.953100 32521.388700 tzoO1.313000 ln49.603500 141R.021500 11579.750000 
-200.00 1 83767.11R00 57629.1797QO 59272.558600 27054.919900 lw81.21tpo0 llT15.7UlOO 11377.292000 9243.965020 b -250.00 I 39951.300800 35131.320300 2 7 9 2 9 . ~ ~ ~ 0  21590.763700 17491.955500 14500.074200 IIcOB.IOEOO 9ita.89?~60 
-300.00 I 21626.685500 21951.450000 19756.351600 15929.177700 13274.603500 11628.857400 10228.841800 9142.356450 
-350.00 I 14156.029300 14209.636100 14001.682600 13530.041000 11279.88m0 8892.476560 7740.mC100 7211.632810 
-coo.oo I 95w.aos660 i1017.i54~00 w 6 i  .mi520 9764.910160 9843.962890 8623.976560 68~5.225590 s7~1.3iuso 
-450.00 I 6~3.325200 802c.90n10 aii&.n0080 1010.9~9220 73~8.865720 ? w . 8 0 ~ 5 7 ~  6532.ami20 54x.321150 
-500.00 I 4974.135740 5921 .allot0 6801.2465a0 6057.96~360 sw.ai4910 sm.566~10 5886.086630 52i?.w140 

3 0 3 3 . 3 W  

4193.5ccn0 
5188.788570 + 

5816.600590 
6OV8.966840 
615 1.646000 
7026.186520 

9700.7861 30 

8655.065630 . 
9807.9R66C 
9662.767580 
?a19 .227050 
1116.050290 . 
7608.207600 
6661.9m40 
5206 Si56650 
6689.657710 
6421 .no020 

w a s ~ 1 1 s o  

a516.415010 

ma.9668oo 

B 
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- ISCLTZ - VERSIOW 43109 - .- HOT SPUT I O E L I N G  FOR WI)(uI a SITE COlCEYTRATlQlS USING 50 METER - 07/16/93 
15: 11 :18 
PAGE SO 

m _- . - RECEPTOR GRID AND 1987 )IETEOROLOGTUL DATA FOR OJRREYT SCENARIO 

W E L I N G  OPTIONS USED: CONE RURAL FLAT DFAULT - THE ANNUAL AVERAGE COWCENTRATION VALUES FOR SQIRCE GROW: scouipii - 
I N C W I Y G  #uRCE(S): WlPITl , - NETYORK ID: QISTEGRD ; NETYORK TYPE: G R I O W T  - 

Y-CQJRD I X-QXIW) (METERS) 
(WETERS) I 400.00 450.00 500.00 

500.00 I 
450.00 I 
400.00 I 
350.00 I 
300.00 1 
250.00 I 

150.00 I 

50.00 I 

-50.00 I 

200.00 I 

100.00 I 

0.00 I 

-100.00 I 
-150.00 I 
-200.00 I 
-250.00 I 

-400.00 I 
-450.00 1 

-300.00 I 
-350.00 I 

-500.00 I 

2V76.164240 3136.819580 3278.115230 
3605.525730 3772.447270 3587.763180 
4392.950680 4156.236330 3711.827880 
6877.176760 1313.611T50 3817.258790 
5W1.112300 4519.938uIo 41%.?24410 
5364.631350 u161.236330 L134.9077lO 
5789.- 5212.372560 4816.514160 
6 5 1 8 . m  6a66.681150 56U.826170 
7789.719240 7025.535160 5V49.091660 
7968.599120 6610.010740 5533.086910 
73U3.562990 4274.503010 5497.3979SO 
7389.432620 6386.546390 55TJ.505940 
829k.603520 7109.W1050 6163.192870 

67U.740720 5816.1p85PO 5006.92MO 
6155.192380 5381.679690 6746.9Q3810 
6339.823730 5336.054690 4532.876950 

4950.361260 4668.130860 4391.18uOO 
4213.767580 3m.785400 3619.500240 
3874.476810 3534.805660 3231 . W 2 0  

aw.na790 m.s~990 6066.~16500 

6131.390630 5 1 5 8 . ~ ~ 1 0  1667.1m2o 

4 
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*- *SCLTz E R S I W  93109 - HI HOT SPOT MOELING FOR wAxIwu( OW SITE COWWTrUTIONS USING 50 METER *- - RECEPTOR GRID AN0 1987 METEOROLOGIEAL DATA FOR -RENT SCENARIO _- 
OFAULT MODELING OPTIONS USED: CoYC RURAL FLAT - THE ANNUAL AVERAGE CONCENTRATIOW VALUES FOR SOURCE GROUP: SCOUlPTl Hg 

INCLLOING SClURCE(S): OUlPIT1 , 
- - DISCRETE CARTESIAN REEEPTOR POINTS - 

w C W C  OF POLL1 I N  MlCROGRAnSW3 

COYC 
X-- (MI Y-COORD (M) CQlC X-Qx#D (MI Y-COORD (MI 

- 1825.00 -2865.00 128.2729% -3660.00 3870.00 50.567192 6470.00 -6590.00 79.18061 1 cm.00  1960.00 203.674042 

5500.00 3660.00 1C0.507101 5ODO.00 2390.00 180.162872 

? 32 0 

D-I 11-5 3 
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** lSCLT2 - VERSION 45109 - - HOT SPOT )KX)ELING FOR W1W 01 SITE CONCENTRATIOWS USING 50 METER 07/16/93 - RECEPTOR GRID AND 1987 METEOROLOCXAL DATA FQ CURRENT SCENARlO w 15: 11: 10 
PAGE 52 

-- 
+ W E L I Y G  WTIOWS USED: COYC RURAL F U T  OFAULT - THE ANNUAL AVERAGE CONCENTRATI~ VALUES FOR SOURCE GROUP: SGWlPTZ - 

INCLUDING SOURCE<S): WlPITZ , - NETUORK 10: OWSTEW ; N E m K  TYPE: GRIDCART - 
Q Y C  OF POLL1 I N  MICRocRAIISP3 OO 

500.00 I 
450.00 I 
400.00 I 

250.00 I 
200.00 I 
150.00 I 
100.00 I 
50.00 I 
0.00 I 

-50.00 I 
-100.00 I 
-150.00 I 
-200.00 I 
-250.00 I 

-400.00 I 
-4so.00 I 
-500.00 I 

350.00 I 
300.00 I 

-300.00 I 
-350.00 I 

657.237976 
767.320904 
964.344649 

100&.350590 
1152.468510 
1313.501950 
1497.053470 
1973.596850 
2483.646970 
2562.892580 
2800.12W 
3605.745610 
3p79.203370 
3781.276610 
3806.186520 
4033.591310 
3422 332760 
2677.26m0 
226s .29v320 
1905. 123290 
1605.905640 

699.157227 740.074915 780.015869 9 U  A14978 1003.1U2350 906.658569 1052.983760 1126.928710 
?72 .lo8521 825 A9685 1 878.96765 1 1013.139CIo 1 194.974610 1 146.892820 1205 -3861 10 1239.271 850 
916.687366 924.942200 994.990117 1080.419190 1358.004020 1397.311750 1391.202640 1515.935550 

1177.302000 1119.222780 1130.776000 1222.81787U 1492.195560 1723.253050 1633.125980 1793.702640 
1%0.809200 1472.508CZO 1339.863040 1415.870610 1629.735&0 2112.983660 2082.535400 2158.119380 
1431.89NO 1701.5428SO 18W.278560 1801.395390 1826.697270 2405.552250 2707.283200 2649.541750 
1652.9U950 1836.238650 2231.254150 2535.222660 2418.360110 2TJ0.824710 3597.349120 3509.286180 

2879.383790 3096.645260 3266.943360 3371.33WO 423.823730 5370.195000 6128.568850 7431.083500 
3101.621000 3020.9106cO 4786.836430 5485.218260 6158.9985tO 7471 -176760 9wU.295900 12512.820300 

2023.990&50 2141.386570 2432.712650 3053.056640 ~ S Q . O Z ~ I ~ O  w i .768om c167.zn74900 ~988 .~n070  

3316.3~0360 39n.903560 501~.941c10 6 6 0 1 . ~ 2 9 0  a w . c t ~ 6 0  izoai .su300 ~6973.20~100 2ms.331900 
4349.3mo s ~ s s . ~ ~  6 7 a . 3 ~ ~ 7 9 0  mo.00~860 12196.93~500 i a m . s w o o  ~om.761’100 ~02.351600 
4625.288090 5915.736330 1594.114750 9911,160910 13887.781100 21033.960900 36175.398600 7U77.007800 

4717.?73930 5951.BUZ40 7661.625540 0912.919920 lOOT1.192400 12165.292000 lW.810500  16396.785200 
4798.526370 5215.466330 5602.719730 5890.801270 R57.535160 8300.123050 8517.499020 8777.562500 
358&.9%’190 37W.028810 4181.775390 4932.291020 SUO.tO5900 4837.586120 5486.920900 5708.347660 
2889.916940 3110.929200 3564.222110 3836.261720 3401.350560 usO.370360 4315.636720 3862.190430 
2399 -694340 2690 .PI031 0 2846.620360 2527.850850 2401 .SO9200 2974.264160 3 160. m S 9 0  2852 -765630 

4SSO.605060 5580.tp630 72W.251950 9730.7753W 13662.798800 187&.138700 25806.630300 3 ~ . 0 0 3 9 0 0  

2101 -091940 2195.212830 1954.961430 l869.050050 2086.005360 2550.003810 2364.698240 2503.455810 
1~4 . *05zco  i5s8.%2710 1496.110110 iws.ii9am i a 5 5 . m m  2036.~7450 1002.070920 1900.02amo 
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-* !SCLT2 - MRSIOW 93109 - - HOT SPOT MODELING FOR WIW OW SITE COltENTRATIOWS USING 50 METER *- 07r 16/93 
-- - RECEPTOR GRID AN0 1987 METEOROLOCIEAL DATA FQR -RENT SCENARIO - 15:11:18 

PAGE 53 D MQOELING OPTIONS USED: MWC RURAL FLAT OFAULT - THE ANNUAL AVERAGE COWCENTRATION VALUES FOR SOURCE GRQIP: SCOUlPT2 ** 
INCLIIDING m C E ( S ) :  Q l lP lTZ  , - NEWORK ID: OUSTEGRO ; WETVORK TYPE: GRIDCART - 

CQIC OF POLL1 fN UICROGRAIIS/nc.3 .R 

Y-COORD I X - m  (((ETERS) 
(METERS) I -50.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 - . * - - - * - - _ _ _ _ _ _ - _ - _ _ - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - - - -  

500.00 I 
450.00 I 
350.00 I 
300.00 I 

400.00 I 

250.00 I 
200.00 I 

100.00 I 
150.00 I 

.50.00 I 
0.00 I 

-50.00 I 

-150.00 I 
-100.00 I 

-200.00 I B -250.00 I 
-300.00 I 
-350.00 

-450.00 I 
-500.00 I 

-400.00 I 

1499.86240 1557.~2430 i 5 w . m ~ ~  1670.0324~0 1 9 0 6 . 0 ~ 9 0  m.mm 2250.816cio 2230.~1650 t ~ t i . 0 1 3 ~ 3 0  
1759.565670 1628.696780 1871.15137O 1950.749390 2163.594240 2703.698970 2592.945310 2586.61rTzb 2545.989260 
20% .015630 2176.884280 2220.368650 2473.860350 3200.682860 3150.592530 3060.443120 3015.543700 2953.542720 
2536.725590 2634.739500 2675.389650 3376.256100 3930.07U310 3693.539550 3631.41 1620 3557.610110 3859.00S20 
3131.681080 3252.902030 3336.693360 4634.814940 4732.895510 4472.545410 43T7.135350 4781 391600 4696-4Bgu10 
3967.361330 4114.062990 4940.237300 6241.685060 5750.715350 5532.438480 6093.295900 5961.861260 4969.019040 ' ' 
5186.708980 5361.162580 7380.368160 79Ql.805180 Tp5.194340 8051.849120 7770.851560 6339.354490 5375.815130 
7087.620610 8433 -736330 1 1219.798800 10278 .40S300 11 168.326200 10614 .497100 8379.91 W20 6912 A92380 6004.7495 10 

10404.690400 16630.794900 16053.111800 16638.334000 15387.417000 11608.679SOO 9667.7U140 85T7.40T250 7598.592290 
19036.449200 26932.810500 29116.437500 24466.168800 18822.238500 15129.829100 12734.812500 9899.233600 7611 .733030 
50125.472700 67888.1c8400 52717.153100 35056.890600 26847.742200 16957.697300 12039.903300 8808.911130 7136.499020 

0.000000139991.1~000 79944.289100 41572.355500 25303.533200 16986.127000 12789.772500 9985.580080 8015.362770 

53786.851600 57130.w2500 41751.050800 27667.130900 19681.892600 13761.031800 10011.385700 1510.687010 6172.002930 
1w41.857400 2%31.326200 22860.332000 18337.816400 14259.126000 11637.958000 9957.787110 ts46.T1637Q 6161.066910.' '' 
10673.256800 13138-096100 13S4.796900 12787.925800 11415.054700 8439.981450 7127.373050 6c90.016600 5851.059080 * 

o .ooooooi isiw.amoo 724s. 195300 3m7.195300 ~ 3 ~ ~ 2 . 2 9 ~ ~ 0 0  1616c.mooo 121 w .522500 9w.409180 7 6 8 0 . ~  

7189.2S2460 TPogSC9320 9612.207030 8288.143550 8508.092Tm 7831.503620 6071.807130 4985.42R50 4380.348630 
5241.9- 51W.837coO 6507.801270 6572.065920 5702.175780 6086.11(1930 5708.493160 4580.766600 3867.545170 
3995.164550 39U.738280 Uc96.719020 5356.657710 4652.459960 4306.503910 1576.370610 4349.279500 3502.580080 
3143.636230 3147.234130 3161.321150 4083.914310 3948.33WO 3555.352780 3373.933590 3571 -369240 3427.347410 
2537-319090 2546.926270 2539.599610 3051 -492100 3371.930180 3005.947270 2855.247560 2719.559570 2869.781250 
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- I S t L f 2  - VERSION 93109 - - HOT SWT KL)ELING FOR WLrxIIuI ON SITE CONCENTRATIQIS USING 50 METER 
HI _- - RECEPTOR GRID AND 1981 METEOUOLOG1CAL DATA FOR WRRENT SCENARIO 

071 16193 
15: 11:18 
PAGE 5C 

.* MQ)ELIYG OPTIONS USED: W N C  RURAL FLAT OFAULT - THE ANNUAL AVERAGE CONCENTRATIOI VALUES FOR SaLlRCE GRWP: SGOUlPfZ - 
I N C L ~ I Y G  SCURCECS): W1PlT2 , - NETWRK IO: ONSTEGRO : N E T W R K  TYPE: GRIOURT - 

“ Q Y C  O f  POLL1 I N  MICROGRAW/M”3 n 

500.00 I 
450.00 I 

350.00 I 
300.00 I 
250.00 I 

150.00 I 

50.00 I 

400.00 I 

200.00 I 

100.00 I 

0.00 I 
-50.00 I 

-100.00 I 
-150.00 I 
-200.00 I 
-250.00 I 

-350.00 I 
-400.00 I 

-500.00 I 

-300.00 I 

-450.00 I 

2188.1OBCw 
24w. 919920 
3185.803220 
381 0.363280 
4004.749760 
4303.0551a0 
4N.2094’10 
5510.9121’10 
6511.776810 
5955 .onuo 
5V25.276860 
6579.661910 
6318.2mOO 
5171.981450 
4922.VSUO 
5069.178220 
4115.89#80 
3408.115540 
3090 .4128CO 
2881 .a63060 
2 m  A16500 

2150.524660 2301.07V350 
2686.693120 2675.847110 
3162.43V210 2780.0358w 
3300.V84UIo 2949.411130 
3525.343510 3191.400560 
3863.IJTJoo M2.59Q5m 
4165.1752m Y I S O . ~  
5034.31m 1593.1ocuo 
5262.108890 4300.6303TO 

5001. ItcocO 4279.54S410 
5500.912600 66’10.563280 
5242.067680 4501.89OS50 
ccoO.091310 3791 .919bsO 
41pI.3816bO 3580.015440 
4172.9??D50 3474.008060 
3827.307370 3541.245USQ 
3014.752440 2030.226560 
2768.953860 2486.780760 
2528.0686oO 22VS.3OtzfO 
2371.603030 2113.789550 

~ ~ ~ 7 . 0 0 8 3 0 0  ~ t i i . 6 n m  

Q 

0-111-56 



07/16/93 *.. 1 ~ ~ ~ 1 2  - VERSION 93109 - - HOT s m  W~DELING FOR WA)(II(UI w SITE MWCENTRATIOMS USING so METER *.. 
_- RECEPTOR GRID AND 1987 WETECROLOGIUL DATA F O R  CURRENT SCENARIO *** 15: 11 : 18 

PAGE 55 e CIQ)ELING OPTIWS USED: CONC RURAL FLAT DFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES F O R  SOURCE GROW: SGWlPT2 - 
INCLWING SQJRCE(S1: a J l P I T 2  , - DISCRETE CARTESIAN RECEPTOR POINTS - 

D-111-57 



4 0- ISCLTZ - VERSION 93109 - - HOT SPOT WELING FOR WI#W s m  CONCENTRATIONS USING 50 METER - 07/16/93 
15: 11 : 18 
PAGE 56 

- REQPTOII GRID AND 1987 WETEOROLOGICAL DATA F O R  CURRENT SCENARIO m _- 
%ZELIOit W71QiS USED: CUlC RURAL FLAT OFAULT 

).* THE ANNUAL AVERAGE CWQNTRATIO)( VALUES FOR SOURCE C A W :  StoulPT3 - 
1NCLU)ING sQIRCE(S): WlP3S91, WlP3S92, QllP3Sp3, WlP3504, WlP3SO5, - NETUORK 10: OWSIEGRD : NETWRK TYPE: GRIDCART.- 

500.00 I 

400.00 I 
450.00 I 

350.00 I 
300.00 I 
250.00 I 

150.00 
200.00 I 

100.00 I 

0.00 I 

-100.00 I 

-200.00 I 

50.00 I 

-50.00 I 

-150.00 I 

-250.00 I 
-300.00 I 
-350.00 I 
-400.00 I 
-450.00 I 
-500.00 1 

5382.081540 5728.812500 6152.261230 6760.863280 7421 .T18810 7978.630860 8707.782230 9941.365230 11181 .273COO 
6307.626950 6652.297360 70%.7U430 7618.%2400 046.332030 9411.55U90 10269.250000 11?24.15Z?00 13285.943400 
W.28pobo 1857.101560 8405.818630 8831.547850 9782.175TBo 11136.552700 12493.886700 14203.981400 16053.256800 
8C71.9ZS180 9172. 020510 10149.861300 10835.012?00 11557.3OC~O 131 99.196300 15308.953100 1 m6.562500 19872 .a96500 
9846.680660 1 0739. OUSOO 12056. -00 13533.757800 143 15. 1621 00 16218 .245 100 191 06.1 73800 22~19.c80500 262% 3 3 0  100 

12266.935500 lt956.42TmO 14116.383000 16514.197300 18582.017600 21017.339800 24TI1.293000 29632.291000 35916.679700 
15 1 16.5 1 1 700 1 WS . S918O0 1sbo0.101500 20878.5?O300 23948.685500 28076 .UU100 33829 -632800 42967 359600 5cIu0.2mOO 
17584.103500 20709.9180000 24612.195300 20192.115200 55n4.UT100 40760.425800 50125.0U?QO 68357.242200 W291.382800 
2094.067200 Z47ll.103500 t9905.289100 36503.063300 &%24.308600 61851 .558600 86C26.TIU00129918.334Q00103979.328000 
25T18.029300 31710.302700 39287.882800 50486.605500 68528.671 900 96614. 2578001S9U1.391000217305.3130002~~ .201000 
29656.316400 371 16.222700 47755.966800 64947.914100 9~0.17190013c617.469000205418.~000333850.3~00024??6&.813000 
32767.386700 41210.50TBoO 53947.?30300 7 U 9 9 . 0 8 5 9 0 0 1 1 1 6 3 2 . 5 5 5 0 0 0 1 6 5 ~ 5 . 3 5 ~ 0 0 1 3 7 1 7 6 . 4 ~ 0 0 1 ~ . 5 9 4 0 0 ~ 1 3 ~ . ~ 0 0 0 0  
32986.8281 00 41975.35 1600 5- .293000 ?2~.3594001W430.180000153716 . W O O  8-54 . W O O 2 2 4  168.2810002~5062.000000 
32567.099600 39806.781300 49430.492200 59195.933600 76402.585Po0 97224.578100121535.141000128060.750000131~.141000 
30228.828100 33150.015600 37506.878900 4SZll.801TOO 49157.58t000 55742.160200 59786.824200 68795.203100 R495.?3UOO 
23107.947300 25254.968800 28561 .zzMoo 31615.265600 33059.988300 33283.23Uo4 36903.789100 4U27.492200 66412.250000 
18622.287100 2 0 9 ~ 5 . m o o  zaa.9-00 mza.668000 215w1.74tzoo 24049.539100 2 ~ 1 3 . ~ 5 9 8 0 0  29794.668000 atxi .nnoo 
1 6 m 5 . 4 ~ ~ ~ 0 0  im08.509800 ~ ~ C ~ . ~ T S O O O  is3tx.m500 1’1088.308600 1am.t jmao 20i50.2iz900 21482.i25000 zm2.33noo 

io i57 .~c ioo  9209.705080 9653.t98830 i m i . 6 8 ~ 0 0  i1’109.azoo 1 1 ~ . 3 8 m o  I B ~ ~ . ~ O O O  i m 6 . i 8 3 ~ ) 0  14985.430700 
13243.550800 12724.596700 11617~c82400 12539.743200 14073.9B3100 11832.S56100 15697.716800 16765.685600 19051.33cOOO 

75?3.8W410 T106.926760 8543.W100 9498.813680 9760.694XO 9772.300590 10393.962900 ‘11462.473600 12157.785200 



I -  
I - 1SCLf2 - VERSIOW 93109 - - MOT SPOT CIQ)ELING FOR WI#W ON SITE CONCENTRATIWS USING 50 METER - 07/16/93 - RECEPTOR GRID AND 1987 METEOROLIXKAL DATA FOR CURRENT SCENARIO - 1 S : l I : l S  

PAGE 57 
_- 

'** MQCJELING OPTIONS USED: COW[ RURAL FLAT DFAULT - THE ANNUAL AVERAGE CONCENTRATIOW VALUES FOR SOURCE GRCUP: SGWlPT3 -* 
INCLUDING SCURCE(S): WlP3sQ1,  WlP3SP2,  W1P3SP3, OU1P3So4, OUlP3SP5, 

- - NETUORK ID: ONSTEGRD ; NETWRK TYPE: GRIOURT - 

500.00 
450.00 
400 -00 
350.00 
300.00 
250.00 
200.00 
150.00 
100.00 
50.00 
0.00 

-50.00 
-100.00 - 150.00 
-200 -00 
- 250.00 a -300.00 
-350.00 
-400.00 
-450.00 
-500.00 

D - I 1  I-59 



*- lSCLT2 - VERSION 93109 - - HOT SPOT WODELING FOR wAxIII)( ON SITE CONCENTRATIOWS USING 50 METER 07/16/93 
15:11:18 

' PAGE sa 
- RECEPTOR GRID AND 1907 METEOROLOGICAL DATA FOR UJRRENT SCENARIO tlt _-  

MWELING OPTIONS USED: COYC RURAL FLAT OFAULT - THE ANNUAL AVERAGE COUCENTRATIOl VALUES FOR SWRCE GROUP: StQllPT3 - 
INCLUDING sOuILCE(S1: WlP3W1, WlP3sP2, W1P3So3, W1P3SO4, WlP3505, 

NETWRK ID: ONSTECRD ; NEWORK TYPE: GRIDCART - 

500.00 1 
450.00 I 
400.00 I 
350.00 I 
300.00 I 
250.00 I 
200.00 I 
150.00 I 
100.00 I 
50.00 I 
0.00 I 

-50.00 I 
-100.00 I 
-150.00 I 
-200.00 I 
-250.00 I 
-300.00 I 
-350.00 I 
-400.00 I 
-450.00 I 
-500.00 I 

17401.027300 16193.745100 14567.637700 

20126.669900 18143.Rz700 16597.902500 
21615.431600 10542.519500 17868.359400 
237I7.068600 21573.763700 10865.?22700 
2RU.U3800 24606.662600 22129.015000 
3027S.050800 26392.5USoOO 22381.851600 
30O55.947300 25224.955 100 21 559. OQTIM) 
29040.003900 2c876. I 1  bo00 21 m5 & G O O  
307V2.906300 26380.494100 22006.087PoO 
30905.347700 26510.892600 22974.06ROO 

26235.020100 22559.3UOOO 19787.209000 
2 4 m .  mn 00 212% .04sooo lU396.316u)0 
23079.699200 20429.996100 11965.886700 
20655.695300 10662.065200 16R3.218800 

16619.414100 15122.3047UO 1 4 0 2 Q . W O  
1C999.9tT500 13622.385700 12570.uIBtO0 

i901u.rn5ioo 1~m.459000 1 ~ ~ 7 . 0 1 7 6 0 0  

2a990.279300 24955 ~ 1 9 5 0 0  21732.332000 

t a m . ~ 2 a o o  16809.9oaoo 151e .~s200  

1 3 9 1 6 . 9 ~ 0 0  1~56.a3900 114rn.9moo 
12~87 .59~00  11819.0cs900 1oty17.6ieoo 

c 
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b 
- ISCLTZ - VERSION 93109 Im - HOT SPOT MOELlNG FOR WAYIMlM ON SITE COWCENTRATIOlS USING 50 METER - 07/16/93 

PAGE 59 
_- - RECEPTOR GRID AWD 1987 METEOROLffifUL DATA FOR CURRENT SCENARIO e- 15:11:18 

MWELlNG OPTIOWS USED: COWC RURAL FLAT DFAOLT - THE ANNUAL AVERAGE UWCENTRATXOU VALUES FOR SOURCE GROUP: StQllPT3 - 
INCLUDING SQIRCEfS): WlP3SO1, WlP3Sa2, oUlP3Sp3, OUlP3SQ4, QllP3SQ5, - DISCRETE CARTESIAN RECEPTm POINTS - 

oa COlC OF POLL1 I N  WICRoGRAwsW3 - 
#IwC X-Qx#D <M) Y-CdORD (MI cow X-C-0 (MI I-COORD 04) - - - - * - - - . - - . - - - - - . - - I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - . - - -  

- 1825.00 -2865.00 470.358887 -3&60.00 3870.00 200.936905 
300.9135 13 1964.00 81 1 .?E2043 6470.00 -4590.00 4722.00 

5500.00 3160.00 550.7397U 5000.00 ' 2390.00 705.285889 

Q-1328 
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- SSCLT2 - VERSfW 93109 - - HOT SPOT lKDELfNG FOR W A X f l l l l l  oI( SITE QylCENTRATfolS USfNG 50 METER 07/16/93 - RECEPTOR GRID AND 1987 WETEOROLWUL DATA FOR CURRENT SCENARIO m 15:11:18 
PAGE 60 

_- 

MCOELfNG OPTfOllS USED: CaYC RURM FLAT DFAULT - THE ANNUAL AVERAGE ~ C E N l R A T f o l  VALUES FOR SWRCE GROUP: ScQllPl4 - 
INCLClDlNC SOURCE(S): WlPIT4 , - N E W K  ID: ONSTECRD : NEfKIRK TYPE: GRfDCART - 

I-COORD I X-COORD (REIERS) 
(METERS) I - 500.00 -450.00 -400.00 -350.00 -300.00 -2so.00 - 200 .oo -150.00 - 100 .oo 

500.00 I 
450.00 I 

350.00 I 
300.00 I 
250.00 I 

150.00 I 

50.00 I 

-50.00 I 

-150.00 I 

-250.00 I 
-300.00 I 
-350.00 I 

-450.00 
-500.00 I 

400.00 I 

200.00 I 

100.00 I 

0.00 I 

-100.00 I 

-200.00 I 

-400.00 I 

1597.383060 1m.506810 1798.421680 1731.065WO 1671.060550 lf115.152080 2131.701900 2559.415530 2581.854000 
1673.934geO 1084.827640 2 1 18 A991 70 21 56.632570 2000 -339600 2006.669920 2287.32471 0 281 0 -469260 31 07. 420650 
1825.967900 1982.740600 2262.52197U 2579.398930 2645.066450 2554.048100 2456.54t850 3103.056640 3m.298100 
2020.558RO 2175.122310 2396.001950 2778.692870 3213.287600 3321.588130 3213.023930 3605.777100 4309.363280 
2470.653560 2491 .416260 26k9.4D6250 2958.V26Q30 3695.272710 4111.514710 429S.633300 4265.174800 4902.620610 
3170.510160 3326.676760 3459.2- 3541.781490 3743.320170 4520.566880 5411.39S510 5768.307130 6c05.337890 
3531.928960 4073.920000 4539.38200 lt168.261RO 5178.448240 5543.976610 6162.096970 7522.955570 8589.667970 

3819.147950 4345.3wQID 5047.399110 6057.7550980 737?.z5TIpo 9135.302130 11529.166000 14158.574200 18030.664100 
4655.962400 53R.361330 62R.4t8520 7ttf.2568&0 8934.Q88280 112%.240200 lc674.235400 19694.671900 28119.976600 
5659.108400 6592.958500 TIZ10.18SO60 9320.53tOO 11367.402500 14166.876000 18131.091800 24578.066900 36893.027300 
5512.168950 6406.7Ult80 7539.144530 9000.745120 10430.458500 13026.648100 182CO.319600 26849.051600 35676.820300 

5297.560060 6269.020310 7501.106150 9082.02S200 11146.516600 12795.557600 14361.580100 16929.265600 19156.943100 

5430- 150390 5761 -872560 6083.515140 6366.838810 6608.192380 15W.02f1150 8763.678710 9187.857420 9283.675780 
4428.013670 45'20.562500 4747.621090 5124.666990 5806.133790 659.166020 6757.0888'20 6311 .X5210 6212.698240 
3630.812990 38f1.136wo 4104.T56350 45R.203130 5074.444820 5110.082520 4780.615230 4414.335450 5U9.485350 
3189.973390 3358.541150 3688.042290 4UO.080510 4079.913090 3768.537350 3290.894060 3929.655760 4631 .URTO 
2802.713130 3Qc2.206050 3292.010250 3300.340330 3048.382810 2687.365970 2962.360060 3499.933350 3762.218990 
2553.802490 2730.768560 272V.103350 2519.739560 2237.616210 2365.871500 2700.692430 3124.746XO 3064.702390 

3620.250980 42W.654300 b942.518550 5W.W7750 6972.310060 7720 .2m0 8706.993160 10281 -677700 11901~3BUuIO 

5 ~ 0 . 0 3 5 6 ~ 0  6015.613m to66.613~10 at33.851560 ~om.s~ooo ~ 3 5 ~ 1 . 0 0 ~ ~ 0 0  i~s47.1asoo 22492.65aoo 28~53.~11800 

D-111-62 



. 
lSCLT2 - VERSION 93109 - - HOT SPOT WQ)ELING FOR MAXIWUI ON SITE COWCENTRATI~S USING 50 UETER 07/16/93 - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO ** 15: 1 1  : 18 

PAGE 61 

*- 
-- 

B MCOELING OPTIWS USED: CONC RURAL FLAT DFAULT - THE ANNUAL AVERAGE COUCENTRATION VALUES FOR SOURCE GROUP: SGOUlPT4 - 
lwcLuDsuG s(uRCE(S): WlPlfO , 

- - NETKIRK IO: QNSTECRD : N E W K  TYPE: GRIOCART - 
I-CQJRD I X-COaRD (METERS) 
(METERS) I -50.00 0.00 50.00 100.00 150.00 200.00 250.00 300 .OO 350.00 - - - - - - - . _ - _ . _ _ - . - _ _ _ - - - - - . - - - - - - . - - - - - - - - - . - - - - - - - - . - - - - - - - - - - * - - -  

500.00 I 
450.00 I 
400.00 I 
350.00 I 
300.00 
250.00 I 
200.00 I 
150.00 I 
100.00 I 
50.00 I 
0.00 I 

-100.00 I 
-150.00 [ 

-50.00 I 

-200.00 I 
B 1::::: 

-350.00 I 
-400.00 I 
-450.00 I 
-500.00 I 

2463.107910 2934.439210 3767.904790 3991.932130 3874.695050 4407.848630 5572.403320 5870.774900 5569.716800 
3001.948490 U3.9c6780 6470.7Z630 4741.240720 4577.365720 5005.101560 7073.009770 6819.724610 6371.726560 

4U1.261RO 5136.616210 6621.21143O 7029.687500 83w1.97%90 10306.920900 10174.516900 9507.554690 10200.001000 
5907.230470 6696.063680 0322.874020 9159.9W70 11713.&#bOO 13387.237300 12524.160200 131l5.737300 13595.761700 
TJ09.550780 8950.300780 1WS7.118200 13865.5U200 16643.0PCaO 171St.900100 17819.789100 17956.570300 15958.487300 

101Q6.447300 lt554.608C00 15523.576200 21412.939500 24746.013tO0 25810.716800 24829.324200 21542.685500 17749.789100 
16450.194300 19915.557400 27233.929700 35336.117200 10674.914100 37878.710900 32710.3Q06Q0 26599.516400 21686.240000 
24678.119100 350X.371100 56200.796900 74W.007800 72494.437500 56226.781300 42203.281300 32401.146500 25219.808600 . 
43294.968800 56589.168000 40066.140600127051.836000123501.680000 79090.382000 49976.582000 35116.675800 25576.071100 

3705.92~540 4078. 107100 5389 .urn s 7 1 9 . w a o  6000.28271 0 ma. num as 10 .227540 7955 . S I S I ~ O  7623.595210 

' 

s 9920 ~ 6 7 2 0 0  a~247 .maao  0 .oooooo 0 .OOOOQOIW .719000 ~ W . S ~ I Q O  5 2 w  .250000 34~2.523400 26242.4 1 0200 
57(u9 -22b6Q0 7k891.201300 17643.533200 96022.171W011 0017.414000 69749.703100 44506.785200 31503.220700 23294.002000 
37776.261700 52433.023400 67052.335900 67101 .(ubpOO &151.781300 46422.710800 34553.649200 2U82.813000 20153.787100 
22416.591800 27366.662100 30055.085900 373732.207000 35044.R6600 31561 .474600 26215.0112000 21168.990200 ln72.357400 
14458.696300 14881.332000 17211.492200 20659.722100 22427.359400 21551.759800 19705.369100 16200.73U00 1367h.562500 
9091 -399410 10518.336000 11601.164100 13739.145500 15083.570300 14923.284200 14511 .13t000 14093.762700 11926-0OC900 7 

7297.390630 7677.5W390 073c.122070 9410.366210 10809.IUS000 11632.990200 10598.119100 10559.527300 18574.914100 ' *  

&373.G%90 U10.'IIIMD 5507.250980 5764.990050 5 8 3 3 . W S Q  7077.606W0 7361.014160 6575.700680 6216.844130 

2773.404790 313tSR800 3010.44W 3995.070310 3m.124270 4274.547050 5053.566410 5070.502460 M.927130 

5604.52C900 5742 .aam ~ ~ 2 . a s m o  7116.94t380 m~.905320 92~8.103~90 ~bop.u~mo m 5 . a ~ o o o  aiM.14941o 

3461 -1042SO 3680.849850 4612.207520 4160.524900 U65.mcL0 5475.453610 6319.926270 5762.657230 5178.308590 

D-111-63 . . r '  ..' 



- ISCLT2 - VERSION 93109 - HOT SPOT I O E L I Y G  FOR WAxlllll ON S I T E  tOWCEYTRATIO)(S USING SO METER 07/16/93 
_- - R E Q P T a  GRID AND 1387 METEOROLOCtUL DATA F O R  QIRRENT SCENARIO *w 15:11:18 

PAGE 62 
iiOOELINC oBVIo(IS USED: Q Y C  RURAL FLAT OFAULT - THE ANNUAL AVERAGE CONCENTRATIO)( VALUES FOR SOURCE GROUP: StQI IPT4  - 

IYCLU)ING SOURCECS): ou1PIT4 , - NENORK ID: ONSTECRD ; N E W K  TYPE: GRIDURT - 
I-COORD I X-COORO (METERS) 
(METERS) I 400.00 450.00 500.00 - - - - - - - - - - - _ - - - _ _ _ _ _ - - - . - - - - - - - - . . - - . - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  

500.00 I 
450.00 I 

350.00 I 
300.00 I 
250.00 I 

400.00 I 

200.00 I 
150.00 I 
100.00 I 

0.00 I 
-50.00 I 

-100.00 1 

-200.00 I 
-250.00 I 

-400.00 I 
-450.00 I 

50.00 I 

-150.00 I 

-300.00 I 
-350.00 I 

-500.00 I 

s37~.sao080 5327.688960 5m.nmo 
6316.090630 6810.261090 7077.511650 
a272.256880 a 5 m . a ~ ~ ~  ma,%i910 

10659.115200 V??3.42WO0 Bs78,006~ 
im.ao5too  10553.2m00 am.3noto 
13150.196300 10901.155300 10101.192400 
15119.LBbu)D 13607.517WO 12t3C,6WO 
181111.152300 16081 .morn 1297a,sm00 
19349.986300 1s 115 .LKldboo 11996,3m00 
1 9 1 ~ s . 0 ~ ~ ~ 0  iso6c.~o9oo 1~42.554no 
20741.013700 16798.185500 13880.XU00 
17699.652300 14338.151400 11951.002000 
15675.906300 12427.027300 10017.210800 
151m.nu00 12647.86oLOo 10512.653300 
11TTp.089800 10712.796900 971L.120120 
9658.666990 8252.4&040 n46.7675BO 
91U.031250 7574.003710 6379.6586#) 
aza.soo80 ~55.35491~1 6111.965310 
6509.953610 6587.3151m 5a70.051030 
508B .426210 53 16.503910 53% ,870610 
4319.526370 1247.008690 4438.145020 

I 
L 
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*- lScLT2 - VERSIOW 93109 - - HOT $mi MODELING FOR IUxIIIM Ow SITE tO))CENTRATIOllS USING 50 METER **. 07/16/93 
_- - RECEPTOR GRID AN0 1987 METEOROLOGKAL DATA FOR CURRENT SCENARIO *w 15: ll:18 

PAGE 63 
.- WWELING OPTIOWS USED: a C  RURAL F U T  DFAULT - THE ANNUAL AVERAGE COWCENTRATIOW VALUES FOR SOURCE GROUP: ScGI1PT4 

. INCLUING sQIIICE(S): WlPlT4 , - DISCRETE CARTESIAN RECEPTOR POINTS - 
tOWC X-COORD ( M I  Y-CWRD (M) cwc X - c o c w )  (W) Y-COORD ( M I  - - - - - - - - - - - - - - . _ - - - _ _ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - . - - - - - - - - - - - - - - - - . - - - - -  

-1825.00 - 2865 .OO 148.063617 -3460.00 3870.00 63 .no905 
4722.00 1960.00 279 .E6622 64tD.00 -4sQo.00 100.523552 

186.053604 5000.00 2390.00 240.38R07 5500.00 31r60.00 
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t 
*- ISCLT2 - VERSION 93109 - HOT SPOT lKlDELlNG FOR WlMll ON SITE CONC€NTRAT1OIIS USING 50 METER *- 

m - RECEPTOR GRID AND 1987 WETEOROLOGKAL OATA FOR CURRENT SCENARIO _- 
I .- 

-WaL)ELINtOPTIONSUSED: CONE RURAL FLAT OFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GRWP: StQI1BPT w9 

INCLUDING SQIRCEW:  W 1 8 P I T  , - NETWRK ID: ONSTEGRO ; NEfYORK TYPE: GRIDCART - 
W N C  OF POLL1 I N  WICRoGRAnS/wC.3 ). 

Y-COORD I 
(METERS) I - 500.00 

- - - - - - - - - - - . - *  

500.00 I 4 9 6 . m 5  
450.00 I 525.824097 
400.00 I 592.311187 
350.00 I 676.167308 
300.00 I 768.165283 
250.00 I 916.801636 
200.00 I 1200.749760 
150.00 1 1261.99548Q 
100.00 I 1398.408530 
50.00 I 1518.959470 
0.00 I 1998.115840 

-50.00 I 18oc.474000 
-100.00 I 1937.133c20 
-150.00 I 1910.068970 
-200.00 1 2ou.896T30 
-250.00 I 1630.120680 
-300.00 I 1363.668070 
-350.00 I 1156.069680 
-400.00 I 971.362851 
-450.00 I 823.650146 
-500.00 I 720.469666 

~ m s s n u  4 a a m o a  

n9.a5w24 m.mm 
600.125000 580.616638 
660.742798 742.753781 

842.201 538 922 .Q9W37 
966.739929 1076.TJb080 

1339.270140 1396.3- 
1181.1958QQ 1Tw.005740 
1629.230590 1923.423830 
1707.508260 2137.569090 
2400.005990 2Pll .Is0030 
2263.534180 2753.992680 
2306.9axoo 2 m . m  
2351 . a 5 3 0  2929.860090. 
2273. tS A1 0 2408.51 0010 
1730. 171 020 1892 -026610 
1458 . 5 W 0  1 S a .  755000 
121 0 .lR050 12n .  1 14150 
1012.982120 1101.t68970 
885.141357 792.?0&285 
654.3RW 630.0652% 

520.051392 
585.656799 
71 9.5 13062 
944.311157 

1027.556760 
1201 .98%10 
1422.633060 
21B.638920 
2310.214360 
2606.000000 
3692.131590 
3425.391 1 10 
3488.053470 
3594.Ioc830 
2541.691510 
2067.00’7700 
1659.696290 
1400.042650 
982.567688 
m.263916 
670.885803 

556.761700 

. R6.925415 
911.018311 

1242.353390 
1570.375240 
1630.9532s0 
23R.QT3WQ 
29110.823490 
3253.843750 
4rn.258790 
43T7.596190 
4617.m40 
3935.213130 
2024.257080 
2242.102620 
1866.15180 
1252.U7630 
956.743225 
825.450317 
715.168066 

6u.awi~p 

D-111-66 
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- 250.00 

596.910950 
682.386536 
fp3.1607?54 
928.2621 88 

1211.861670 
1’109.668520 
1919.W4490 
2a6.140870 
3940.186770 
4 188.oC0530 
6628.425290 
5791 .so1460 
6302 .n21 70 
4206.814450 
3188.095160 
2587.700030 
1655.001590 
1216.700130 
1026.357670 
872.035950 
755.26385s 

747.5a9111 713.9280~0 m.301392 

1020.864620 1337.058590 1358.904300 

827.336121 881.360168 909.280762 
901.563660 1109.374150 1070.542360 

1229.345090 1517.066200 1826.137100 
1600.TIp050 1108.6235LO 2497.698240 
2502.017580 2498.000000 3068.437010 
2882.516190 4023.791260 4363.667180 
4835.T18320 5684.080510 1479.843260 

9154.333980 1404c.519500 25449.507000 
8w17.954100 13306.02S200 21502.107000 
7627.821780 9021.637700 11693.091809 

5 w . 5 ~ 1 2 0  a953.700210 1 4 5 4 3 . ~ a 0 0  

4869.m6050 6211.145510 5 ~ 0 ~ . 9 ~ 3 1 4 0  
3a19.392090 ~07.366260 3 m . m 9 a o  

1602.658450 1a90.880190 2087.949710 
2296.U3120 2212.677000 2369.969260 

1311.799680 1613.630860 150C.733520 
1 133.660520 1294.576660 1 175 .4Q9420 
1009.261050 1001 .a5340 981.372375 
884.872070 f94.159180 031.926086 



- !sCLT2 - VERSION 93109 - - HOT SPOT MODEL~NG FOR IuxI#III Ow SITE tQ(CEN1RATIatS USING 50 METER *- 07/16/93 
_- - RECEPTOR GRID AN0 1987 METEOR0LOC;)UL DATA FOR CURRENT SCENARfO *- 1 5 : l l :  18 

PAGE 65 D IC. MODELING OPTIONS USED: COYC RURAL FLAT DFAULT - THE ANNUAL AVERAGE WNCENlRATfON VALUES FOR SOURCE GROUP: SGoulBPT 
I N C U I N G  SOURCECS): WlBPIT , - NETWRK fD: ONSTEGRO ; NET-K TYPE: GRfDCART - 

CONC OF POLL1 I N  MfCRffiRMS/W3 w 

500.00 I 
400.00 I 

250.00 I 
200.00 I 
150.00 I 
100.00 I 
50.00 I 
0.00 1 

-50.00 I 
-100.00 I 

-200.00 I 
-250.00 I 

-400.00 I 
-450.00 I 
-500.00 I 

450.00 I 

350.00 I 
300.00 I 

-150.00 I 

-300.00 I 
-350.00 I 

b 

830.602539 1 120 -955200 1 138.05859O 1220.506230 1275.528320 1633.05371 0 1665 -326050 
980.6&9780 1353.676510 1372.333500 lc69.895260 1647.53’7860 2061.111080 1961.688350 

1177.062990 1660.430600 1667.538210 1802.591610 2311.324950 2484.447270 2420.636230 
1441.336670 2108.599120 212S.107670 2295.122070 3244.082030 3026.475830 2983.20040 
1808.950070 2750.322750 2756.116210 3552.788330 4116.774410 3866.726070 3902.628420 
23’70.21OkSO 3745.8u020 3715.519290 5568.258790 5306.122010 5303.009280 5771 -389650 
3547.816410 5415.936520 6306.476560 0174.251UO 7681.Cpbopo 8364.201170 6444.515110 

1oC78.761700 17671 .o39600 26131.546900 21621.437500 17121 . W O O  13031 .107400 10193.420900 
26574.306600 56628.416000 13674.921900 39991.480500 zts31.261100 13690.U1300 8883.260740 
60658.043000 0.00000012Bb79.164000 &TI11 . a 0 0  23910.177700 15377.474600 10711.287100 
36181.058600 50160.101600 55144.511700 30750.255900 18372.718800 11462.363300 7620.706540 
13320.614300 16695.691400 20326.500000 1m.683600 12421 .473600 9686.564310 7979.395020 

3983.717530 52W.63TmO 5524.216800 6100.187390 5741 .OR750 6031.263650 4643.686080 
2521.313780 3668.661130 3456.421390 4711.236820 4222.021000 3940.160660 6153.957520 
1916.055910 2694.786380 2573.689650 3118.091310 3411.641560 3009.26U50 2883.502930 
1513.a82200 2061.186130 1983.555910 2100.334960 2707.255860 2433.412350 2296.008540 
1227.439580 1632.569090 1583.2S1100 1681.312580 2029.169920 2071 .lo9620 1914.268920 
1016.28060 1325.545900 1289.Ip7240 1373.105320 1495.029080 1 7 7 3 . w O  1609.198050 
856.120300 1095.125490 1071.188230 1142.574100 1189.7p5170 1633.979980 1394.122680 

sm.atwso ut9.329100 12071 . w o o  i2805.m300 i ~ .m500  9597.155270 742~.120120 

6660.214560 8269.176760 10023~030300 9745&3550 W12.679690 6932.665530 5232.X7170 

1661.U3600 1652.249510 
1980.800420 1942.082150 
2377.026610 2386.968000 
3001.866500 324Q.292720 
4230.465820 3507.868900 . 
4640.699710 3865.756100 
5175.7?8010 4341.569340 
6406.628910 5632.099120 
7191.031250 5228.CU820 
6715.5WQ 5262.848140 -5 

T905.175290 6086.010250 , 
5836.575200 &628.610350 
5802.680MO 43&.21533@ I 
4759.098630 4245.392580 . 
3689.212400 31 13.577150 
3335.721600 2751.719970 - 
3039.853050 2516.543210 
2207.764650 2324.956540 
1812.653810 1748.010790 
1547.745120 1469.886350 
1329.324100 1278.166190 
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- RECEPTOR GRIO AND lV87 MREmOLOCIUL OATA FOR WRREWT SCENARSO m 
*- ISCLTZ - VERSION 95109 - - HOT SPOT WQ)ELING FOR wAxI#II ON SITE CONCENTRATIONS USING 50 METER - 

07’16’93 15:11:18 d) 
PAGE 66 

_-  

- = ! K X E L I N G  OPTIONS WED: CONE RURAL FLAT OFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: swuiepi - 
I W C U D I W G  SQIRCE(S1: Q l lSP IT  , - WETYORK ID: ONSlEGRO ; NETWRK TYPE: GRIDCART - 

Y - COORD 
(METERS) 

- - e - - -  

500.00 
450.00 
400.00 
350.00 
300.00 
250.00 
200.00 
150.00 
100.00 
50.00 

0.00 
-50.00 

-100.00 
-150.00 
-200.00 - 250.00 
-300.00 
-350.00 
-400.00 

X-COORD (METERS) 
100.00 450 .00 500.00 

1619.188250 1623.4W70 1?34.849690 
1947.802000 2085 A96090 1829.501KO 
2565 . P U S 1 0  2217.296140 1965.179740 
2149.751220 ~ w . m m o  t i ~ 1 . s ~  
3000.588870 2616.753660 2341.87PJW 
3537.958980 2Bw.wl140 2585.250980 
3881.182130 3511.155050 3059.530760 
467.299320 M.324460 2816.6(6000 
4 U7.3S4000 3439.O35400 2BV8 -362060 
4238.893550 3 6 9 0 . W O  2V26.807620 
48U.??UlO 3435.3200m 3268.853160 
3765.540280 3127.336910 2661.195410 
3476.391110 2919.594130 2487.IJBTIo 
3512.945070 20Q7.761010 2299.P2180 
2815.049120 2613.- 2361.5608c0 

2133.608C00 lSV1.37l1OO 1680.73?670 
1969.558960 lm6.067070 1TJ5.506520 
11138.?14670 lS86.010S80 1395.310610 

~ S V . Q Z W O  2~3.125000 isa.98326o 

-450.00 I 1422.397710 1192.013960 1307.507200 
-500.00 I 1217.832660 1182.630570 1241.68oc20 



07/16/93 . .  
-- - RECEPTOR GRID AND 1987 METEOQOLOtlUL DATA FOR WRRENT SCENARIO 15:ll:  18 

PAGE 67 
'* MmELlNC OPTIQlS USED: CCUC RURAL FLAT DFAULT - THE ANNUAL AVERAGE CONCENTRATlW VALUES FOR SWRCE GROUP: SGaLllBPT - 

INCLUDING SOURCE(S1: OUlBPIT , - DISCRETE CARTESIAN RECEPTOR POINTS 

" CUNC OF POLL1 I N  M l C R O C R A n S ~  w 

0336 
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*- lSCLT2 - VERSIOW 93103 - - HOT SPOT WOELING FOR wAxI#IcI ON SITE CONeENlRATIolS USING 50 METER - RECEPTOR GRID AND 1907 METEOROLOGICAL DATA FOR CURRENT SCENARIO 
.** 
*- 

071 16/93 
15: 11:18 
PAGE 68 _- 

'* KOELIMG CPy!WS USED: C U X  RLiRAi FLAT DPAUiT - THE ANNUAL AVERAGE C011CENfRATION VALUES FOR SOURCE G R W :  SGOUlALL - 
INCLLDING SQIRCE(S): W l P I T l  , W1PIT2 , OUlP3SP1, OUlP3SO2, GI1P3W, CU1P3SoC, OUlP3SO5, 

W1PIT4 , OU16PfT , - NETUORK ID: ONSTEGRD ; NETWRK TYPE: G R I O U R T  - 
COYE OF POLL1 I N  MICROGRMIs/Ic..3 - 

500.00 I 
450.00 I 

350.00 I 
300.00 I 
250.00 I 

150.00 I 
100.00 I 
50.00 I 

400.00 I 

200.00 I 

0.00 I 
-50.00 I 

-100.00 I 

-200.00 I 
-250.00 I 

-400.00 I 
-450.00 I 
-500.00 I 

-150.00 I 

-300.00 I 
-350.00 I 

9155 -535160 9770 .065230 10670 .591800 11 213.247100 11967.542000 12767.950000 14051.635700 16107.94 1400 17860.220500 
10&01.16210Q 11W0.556600 120Q3.059600 12082.621100 13t88.660000 14077.15oC00 16206.318c00 10740.014500 21136.6m00 
1 1 9 7 1 . 1 ~ 0  12722.333000 13802.4w300 14913.159200 16168.002000 17678.125000 19163.25590D 22259.453100 25390.671900 
13739.939500 11738.449200 16053.W00 17620.335900 19190.84Uu)O 21163.736300 23474.656300 267V0.273k00 30846.037100 
16131.115200 1Nt.076200 18305.207000 21019.332000 23080.918000 25094.962900 29322.656300 33711.101600 39366.021300 
19959.763700 21030.334000 22606.363300 25400.UOS00 28115.941400 32455.437500 37553.121100 43971.067200 52677.316400 
23828.050800 27016.113300 2V30it.683600 32200.685500 36537.101000 12118.027300 49410.359400 61TJ1.621100 76U6.681500 

32009.9961 00 37D10.101600 &I 76.992200 53400.75000Q 66083 A32800 055% A359001 15554.5630001 653TJ. 79700022807J -375000 
391 96.106300 4TDO1.636700 56902.695300 714 10. 044900 93636.453 100127050.6610001~10.7X000269273.969000303185 .031000 

49226.191400 61006.096100 78211.0391001~920.762000150~.453000211788..12500031%%.719000502095.~00@ 
5 1 559 - 097700 64293.937500 01012.5930001 01541 .45300015 t432.328(3002I9814 .0~3O~O1~56.188000360910.3~00~3SwBf .313000 
51852.180500 63205.031300 18411.484640 %931.7lU001U935.8050001B5135.531000~~35.1g8000268163.013000194366.oC~00 
49261 .933600 56295.128900 Mou .656300 78c87.414100 93095 ,bcB100111192 .~7000133630.250000170768.141000177162 .453000 
42216.509000 476Q2.433600 54533.06720Q 60220.226600 65016.519500 72116.335900 01317.125000 VW1.546900103759.375000 
35714.632000 39203.957000 42Q80.293000 64067.781300 16315.230500 5 1450.W900 SU~72.535200 59605 .?53900 66008.531300 
29498.051600 31190.3%000 32030.6#500 33279.250000 36036.722700 37450.457000 38459.910200 42541 -726600 47310.355500 
2436.f011800 24803.104300 25160.182400 26659.419900 2741b.357b00 20103.046900 29180.097700 32602.164100 36320.205200 
19788.562500 19027.781300 20600.502000 21231.179700 21620.609L00 22W.1559G0 24050.705100 26090.140600 20601.103500 
16131 -826200 16456.746100 16766.949200 17194.0M700 17971 -253900 18060.505900 19764.457000 21503.152300 U;C51.957000 

27~87.015600 31sm.xsmo 37290.078100 424~.039800 ~01~9.710300 s n a . 7 8 ~ 2 0 0  706t2.765600 93899 .~7970012390 1. 797000 

45426. RWOO 55921 .9nm0 mz47.6611 00 91 ~98.429100125761.2130001 mu . 3750002~0885 .09400~129~ .  53 1 QOOSR~R .QV~OOO 
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*- lSCLT2 - VERSION 43109 - - HOT SPOT IIQ)ELING FOR WI)(uw ON SITE CONCENTRATIWS USING 50 METER 07/16/93 - RECEPTOR GRID AND 1987 WETEOROLOGtUL DATA FOR CURRENT SCENARIO t...r 15:11:18 
PAGE 69 B - -  MODELING OPTIONS USEO: CONC RURAL FLAT DFAULT - THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: S G W l A L L  e- 

1NCLLI)ING SQIRCE(S): QIlPITl , OUlPIT2 , WlP3SO1, WlP3SO2, OUlP3.503, OUlP3.504, WlP3SO5, 
WlPIT4 , WlBPIT , 

- - NETWRK 10: ONSTEGRD ; NETVORK TYPE: GRIDCART - 
CWC OF POLL1 I N  MICROCIMS/W3 ). 

500.00 I 19065.429700 20789.902300 23975.154300 26369.418000 27702.398100 28562.164100 29185.755900 29836.890600 30073.027300 
450.00 I 22894.996100 25423.130900 29238.166000 31963.724600 32867.8EOOO 33963.851600 35407.1c8400 351u6.207000 34941 . m o o  
400.00 I 28173.90WOO 31955.019500 36627.425800 39273.765600 39955.085900 42062.98U00 43555.613300 42X7.468800 40065.335900 
350.00 I 35757.429700 41030.0ZUOO 46330.418000 c8cW.519500 51138.492200 53629.253900 52517.808600 491lC.906300 46876.52U00 
300.00 1 47315.664100 5431.089800 59451.800800 63499.371100 67256.828100 66991.c68800 62155.871100 51u30.851600 53951.269500 
250.00 I 65039.187500 73789.11'1200 82271.109400 081W.171WO 87166.L8WoO 81318.375000 75847.820300 69014.968800 60798.683600 
200 .OO I 9U13.26560010%7~.2~000118891.6410001197% .5000001 12697.438000103W9.547000 92612.60WOO 80260 398400 68707.859400 
150.00 I 15~09 .5940001t9613 .5470001~R7.~00167127 .8~00015~ .4~00132698 .391000111006 .4~00  92147.7SOOOO Tm76.617200 
100 .OO I 30005~.781000312118.~06000286013.469000Z4853.6Z000211381.~22000164226.79~0012712C .359000100555.000000 81506 -015600 
50.00 I ~ ~ ~ ~ ~ . ~ ~ o o o ~ ~ ~ ~ ~ . ~ o o o o ~ ~ 9 i . ~ ~ o o ~ ~ ~ ~ ~ . ~ ~ o o o ~ ~ . ~ ~ ~ o ~ ~ ~ ~ ~ . ~ ~ ~ o o o ~ ~ ~ . ~ ~ o o o ~ 0 ~ o o . ~ m o o o  8 4 6 0 9 . ~ 0 0  
0 * 00 I 5~586.563OOO596219.31300~1619 1560002~T159.62500M130~.21~002O5808.8280001W90 .067000106W7.~uu)00 85227.289100 

- 50.00 I 578952.313000625257.1~0003TN8.81300OS21064 .SOOOOOa742 .zf0000181001.016000129106.828000 987U.257800 78713.265603 - 100.00 I 434648.25OOOW7450 .~000341c68.156000Z1597.563000196913.6560OO1~fP09.516000115681.758000 91461.585900 7X64.101600 
- 150.00 I 356229.156000290013.813000221 1 W.813000178W1.346(300145899.00000011765~.609000 95471 .5 15600 79026.687500 66614.039100 - 200.00 I 198278.8280001 13629.2340001 50~ .813000130071 .06300011~ .~000  95665.6SOOO 802TI. 195300 66946.523400 56808.335900 
-250.00 I 113154.188000113051.IJC000106381.9T1000 W715.500000 871995.320300 TIsJ8.890600 68141.562500 59682.757800 5114.339800 
-300.00 I m39.171900 T1513.695300 78305.039100 71369.05c700 67471.320500 63069.166100 56613.902300 51259.140600 45814.230500 
-350.00 I 53097.796900 5c689.457000 58354.207000 57915.171900 53831.617200 509%.668000 46858.367200 C2U.703100 39567.972700 
-400.00 I 40296.320300 4 a . 1 8 3 6 0 0  43648. 179700 45657.734100 4555.660600 42438.476600 40067.617200 36654.195300 33652.945300 
-450.00 I 31069.54900 33389.210800 35150.582000 35760.527300 35854.703100 36075.406300 34527.316600 32153.074200 29708.619100 
-soo.oO I 24109.582000 26994.201200 29097.707000 29481.132800 29186.642600 29566.640600 29791.265600 28193.386700 26418.214800 

B 

. .  

.. .. . '. 

.. 

D-111-71 



*ma ISCLTZ - VERSION 93109 - - HOT SPOT IW)ELING FOR IUXI- ON SXfE COUCENTRATIUS USING 50 METER - O?/ 16/93 

PA= ?!I 

_- - RECEPTOR GRID AM0 1907 METEOROLOGICAL DATA FOR WRRENT SCENARIO m 15:11:18 

** MWELINC OPTIONS USED: cQlC RURAL FLAT DFAULT 

*- THE ANNUAL AVERAGE CWCENTRATION VALUES FOR SQlRCE GROUP: SCQllALL - 
1NCLU)ING sQIRCE(S): wipni , 0~1~112 , W ~ P ~ S O I ,  0 ~ 1 ~ 3 ~ 0 2 ,  W I P ~ S O ~ ,  0~1~3~04, 0 ~ 1 ~ 3 ~ ~ 5 ,  

WlPIT4 , QllBPIT , - NETWRK ID: USTEGRD : NETVORK TYPE: G R I D W T  - 

500.00 I 
450.00 I 
400.00 I 

300.00 I 

200.00 I 
150.00 I 
100.00 I 
50.00 I 
0.00 I 

-100.00 I 

-200.00 I 

350.00 I 

250.00 I 

-50.00 I 

-150.00 I 

-250.00 1 
-300.00 I 
-350.00 I 
-400.00 I 
-450.00 I 
-500.00 I 

29559.160200 20432.273400 27606.470100 
33452.047700 32313.560500 30657.616500 
30543.613300 36268.519500 33014.210900 
43711.035900 39330.250000 35224.601600 
40132.324200 12419.125000 38306.101600 
53360.17pm0 17112.621100 42695.824200 
59787.277300 52888.835900 46333.390400 
65304.109c00 55090.609100 17592.281300 
66030.035900 55710.902300 46850.121100 
60100.562500 5W2.613300 40100.214000 
69188.976600 58520.12S000 49VQ1.0501U)0 
64432.367200 54306.460800 L6569.078100 
60001.015600 50307.90300 42457.168000 
56t95.160900 &0&%.3(u700 40096.523c00 
19302.316600 43696.539100 30710.567200 
43907.757800 30333.109c00 34549.006100 
4OU0.603600 35439.437500 31297.381800 
36356.071100 52515.906300 29113.163700 
3 1309 ~25000 2V232.tpCPOO 26714 .421900 
27523 .421900 25m.425BOo 24000. 120900 
ZCT74.04U100 23155.492200 21072.6660QQ 



8.R ISCLT2 - VERSION 93109 - - MOT SPOT IOELING FOR W I U  011 SITE CONCENTlUTIOWS USING 50 METER 07/16/93 
_- - RECEPTOR GRID AN0 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO .I* 1S:ll :l8 

PACE 71 
MODELING OPTIOWS USED: COYC RURAL FLAT OFAULT 

HI THE ANNUAL AVERAGE CO)(C€WTRATIW VALUES FOR SOURCE GRUJP: StOUlALL 
INELWING SUJRCE<S): WlPITl , WlPlf2 , WlP3SQ1, WlP3S02, OUlP3SP3, OulP3SO4, OUlP3SO5, 

WIPIT4 , WlBPIl , - DISCRETE CARTESIAN RECEPTOR POIUTS 
" COWC OF POLL1 I N  WICROCRAI(S/P3 tc 

_.J " .  . '  

D-111-73 



- ISCLTZ - VERSIQN 93109 - - no1 SPOT I#IDELING FOR WAXI)UI ow SITE CWCENTRATI~WS WING so METER - 071 16/93 
*aa 15:11:18 

P i t  72 
-- - RECEPTOR GRID AN0 1987 UETEOROLOerUL DATA FOR CURRENT SCENARIO 

,* IKI)ELING OPTIOWS USED: CONE RURAL FLAT OFALILT 

- THE WIIRII 10 ANNUAL AVERAGE COUCENTRATIW VALUES FOR SWRCE: WlPlTl  ** 

" O f  POLL1 I N  M l C R o C R A n S m  w 

RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK colt AT _ . . _ _ _ . . _ _ - _ - - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
1. 163625.531000 AT ( -50.00, -100.00) GC 6. 83133.656300 AT ( 0.00, -150.00) GC 

2. 153793.069000 AT ( -50.00, -150.00) GC 7. 85767.117200 AT ( -50.00, -200.00) GC 

4. 92253.745600 AT ( -50.00, -50.00) GC 9. 70976.671900 AT ( -100.00, -200.001 CC 
5 .  91156.015600 AT ( -150.00, -150.00) GC 10. 69648.9QZtOO AT C -100.00, -50.00) GC 

3. 93172.593800 AT ( 0.00, -100.00) C t  8. 7 i m i . 1 ~ 0 0 0  AT ( -150.00, -200.00) GC 

- THE WI#w 10 ANNUAL AVERAGE CONCENTRATIOW VALUES FOR SWRCE: WlPlT2 It. 

RANK COWC AT RECEPTOR (XR,YR) OF TYPE RANK COlC AT RECEPTOR <XR,YR) OF TYPE 

1. 139991.125000 AT ( 0.00, -50.00) GC 6. 67888.1lScOO AT ( 0.00, 0.00) GC 

2. 1151W.867000 AT ( 0.00, -100.00) GC 7. 62202.351600 AT ( -100.00, -50.00) G t  
3. 79914.289100 AT ( 50.00, -50.00) GC 8. 57130.062500 AT ( 0.00, -150.00) GC 
4. 7UT7.007800 AT ( -100.00, -100.00) GC 9. 53786.851600 AT ( -50.00, -150.00) GC 
5. 72033.195300 AT ( 50.00, -100.00) CC 10. 52717.153100 AT ( 50.00, 0.00) G t  

- - _ _ - _ _ _ _ _ _ _ - _ - _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - -  

- THE 

AT - - - - - * - - - - - .  
1. 151107.859000 AT ( 

2. 121U5.070000 AT ( 

3. 94881.734400 AT ( 

4. 87959.976600 AT ( 

5. f4552.585900 AT ( 

WIIu( 

RECEPTOR 

10 ANNUM AYERAEEWUCEYfRATlOl VALUES FOR SOURCE: WlP3.W - 
(XR,YR) OF TYPE W K  QIlc AT RECEPTOR (XR,YR) OF TYPE 

-50.00, 50.00) CC 6. 70992.00llKIO AT ( -100.00, 100.00) GC 
-50.00, 0.00) GC 7. w . 3 0 6 m o  AT ( 0.00, 0.00) GC 
-50.00, 100.00) GC 8. W57.906500 AT ( -150.00, 50.00) GC 

- 1 50 .oo I 0.00) CC 9. 62150.433600 AT ( -100.00, -50.00) GC 
10. 61809.306700 AT ( 0.00, 100.00) G t  0.00, 50.00) GC - THE UAXIIIW 10 A N N U L  AVERAGE tOWCENTRATI01 VALUES FOU SQlRCE: WlP3SOZ - 

%INK COUC AT RECEPTOR (XR,YR) OF TYPE RANK COlC AT RECEPTOR (XR,YR) OF TYPE 
. . * - - - - _ - * _ . _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - -  

I .  168507.188000 AT ( 0.00. 50.00) GC 6. 7V146.273400 AT ( -100.00, 50.00) GC 
t. 106175.090000 AT ( 0.00, 0.00) GC 7. 69572.067200 AT ( 50.00, 0.00) GC 
3 Wl40.023400 AT ( 0.00, 100.00) GC 8. 6117C.339800 AT ( -50.00, 100.00) G t  
' *  82367.262200 AT ( 50.00, 50.00) CC 9. 57695.210900 AT ( 50.00, 100.00) GC 
5 .  81319.156300 AT ( -100.00, 0.00) GC 10. 56096.683600 AT ( 0.00, -50.00) GC 

RECEPTOR TYPES: GC = GRlOEART 
GP = GRIOPOLR 

bP;:= D I SCPOLR 
BO BOUNDARY 

pc ,= ,orsccART 

D-111-74 
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i c 

- ISCLTZ - VERSIW 93109 - - HOT SPOT WOELING FOR M A X I M  Ow S I T E  CLYICENTRATIOWS USING 50 METER 07f 16/93 
~- RECEPTOR GRID AND 1987 IIETEOROLOCICAL DATA FOR CURRENT SCENARIO m 15: 11 : 18 

PAGE 73 

rH W E L I N G  OPTIONS USED: COWC RURAL FLAT OFAULT 

- THE W1)CM 10 ANNUAL AVEUGE MWCENTRATION VALUES FOR SWRCE: W1P3Sa - 
RANK CDWC AT RECEPTOR (XR,YRI OF TYPE RANK COWC AT RECEPTOR (XR,YR) OF TYPE 

1. 146008.234000 AT ( -100.00, -50.00) GC 6. 86787.007800 AT ( -250.00, -100.00) CC 
2. 112444.945000 AT ( -100.00, -1OO.OQ) GL 7. 79556.226600 AT ( -250.00, -50.00) GC 
3. 111975.&000 AT ( -150.00, 0.00) GC 8. 76433.36'1200 AT ( -50.00, -50.00) GC 
4. 103454.555000 AT ( -150.00, -100.00) GC 9. ?2212.23&400 AT ( -200.00, -150.00) CC 
5. 103089.930000 AT ( -100.00, 0.00) GC 10. 70809.820300 AT ( -150.00, -150.00) GC 

_ _ _ . _ . _ _ _ _ _ _ _ _ - _ _ _ _ - - - - - - - . - - - - - - - - - - - - - - - - - - - - - . - - . - - - - - - - . - - . - -  

- THE M(1)llW 10 ANNUAL AVERAGE WNCENTRATIW VALUES FOR SOURCE: WlP3S04 - 
RANK COYC AT RECEPTI# (XR,YR) OF TYPE RANK COlC AT RECEPTOR CXR,YR) OF TYPE 

1. 140161.109000 AT ( -50.00, 0.00) cc 6. 7S062.328100 AT ( -50.00, -100.00) GC 
2. 136oC9.328000 AT ( -50.00, -50.00) GC 7. 74161.726600 AT ( 0.00, -50.00) GC 
3. 90798.578100 AT ( -150.00, -50.00) GC 8. 73854.875000 AT ( -100.00, 50.00) GC 
4. 76013.515600 AT ( 0.00, 0.00) GC 9. 67094.882800 AT ( -150.00, -100.00) GC 
5. 75972.312500 AT ( -50.00, 50.00) GC 10. 66661.632800 AT ( -100.00, -100.00) GC 

. - _ - - _ _ _ _ _ I _ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - . - - - - -  

- THE WIIIIII  10 ANNUAL AVERAGE CLYICENTRATIW VALUES FOR SOURCE: WlP3SQ5 - 
I X N C  AT RECEPTOR (XR,YRI OF TYPE RANK COW AT RECEPTOR (XR,YR) OF TYPE - - - - - - _ _ _ _ - - - - _ - _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - -  

I 
1. 104583.37SOOO AT ( 0.00, 0.00) GC 6. 47572.535200 AT ( 0.00, 50.001 GC 

0.00, -50.00) GC 7. 43191.308600 AT ( -50.00, 50.00) GC 2. 75589.125000 AT ( 

l a :  
3. 73213.486400 AT ( -50.00, -50.00) GC 8. 412X.13ccoO AT ( 50.00, 0.00) GC 
4. 43355.710900 AT ( -100.00, 0.00) GC 9. 34275.937500 AT ( 50.00, -50.00) GC 
5. 43251.863300 AT ( -100.00, -50.00) GC 10. 31701.WTmO AT ( 50.00, 50.00) GC - THE WIMM 10 ANNUAL AVERAGE CONCENTRATlON VALUES FOR SOURCE: W l P l T ~  

RANK C W C  AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE _ . - . - - - - - - - - - - . - - - _ _ - . - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - . - - - - - - - - - - . -  
1. 148834.719000 AT ( 150.00, 0.00, GC 6. 89247.398400 AT ( 0.00, 0.00) GC 

0.00) GC 2. 121051.836000 AT ( 100.00, 50.00) GC 7. 85864.578100 AT ( 200.00. 
3. 123501.680000 AT ( 150.00. 50.00) GC 8. 79098.382800 AT ( 200.00. 50.00) CC 
4. 110917.414000 AT ( 150.00, -50.00) GC 9. 76891.281300 AT ( 0.00, -50.00) CC 
5. 96022.171900 AT ( 100.00, -50.00) CC 10. 74781.007800 AT ( 100.00, 100.00) GC 

RECEPTOR TYPES: GC 0 GRIDURT 
GP = CRIDWLR ., 
DC = D I S C U R T  
DP DISCPOLR 
Bo 0 EMIDARY 

D-111-75 



*n ISCLT2 - VERSION 93109 - HOT SPOT I(OOEL1NG FOR WIWUI OY SITE CWCENTrUTIOllS USING 50 METER 07/16/93 
15:11:18 
PAGE 74 

-- RECEPTOR GRID AND 1987 METEOROLffilUL DATA FOR WRRENT SCENARIO m 

e W E L I N G  OPTIONS USED: CONC RURAL FLAT DFAULT 

THE I M I ) c w  10 ANNUAL AVERAGE COLlCENTRATION VALUES FOR SOURCE: OUlBPIT On 

Q I l C  OF W L L l  IN MICROGRAMS/FS n 

RANK tOWC AT RECEPTOR (XR,YR) OF TYPE RANK COUC AT RECEPTOR (XR,YR) OF TYPE _ _ _ _ _ _ _ _ _ _ - _ _ - _ - - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - - - - - - - . - -  
1. 128679.164000 AT ( -50.00, 0.00) CC 6. 50160.101600 AT ( 0.00, -50.00) GC 

3. 60658.MSOOO AT ( -50.00, 0.00) cc 8. 39991.480500 AT ( , 100.00, 50.00) GC 
2. 73674.921900 AT ( 50.00, 50.00) GC 7. 07711.23UOO AT ( 100.00, 0.00) GC 

4. 56628.618000 AT ( 0.00, 50.00) GC 9. 36181.058600 AT ( -50.00, -50.00) GC 
5. 551U.511100 AT ( 50.00, -50.00) GC 10. 30120.255900 AT ( 100.00. -50.001 GC 

*- RECEPTOR TYPES: GC = GRIDCART 
GP = GRIDPOLR 
DC 8 DISCCART 
DP = DlSCPOLR 

B w m Y  

Q 

I 

0343 . . 

I D-111-76 



Om ISCLT2 - VERSIOW 93109 - - MOT SPOT llODELING - RECEPTOR GRID AND . -. B c. MWELING OPTIONS USED: COUC RURAL FLAT 

- 1 H E W A Y l I U I  10 ANNUAL AVERAGE 
INCLUDING SQIRCECS): OUlPITl 

FOR MAXIcu( 01 SITE #JUCENTRATIOIIS USING 50 METER 
1987 WETEOROLOtICAL DATA FOR CURRENT SCENARIO 

OFAULT 

CONCENTRATIOW VALUES FOA GROUP: SGOUlPTl - 
, 

RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK COwC AT _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ . _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - -  
1. 163625.531000 AT ( -50.00, -100.00) GC 6. 89133.656300 AT ( 0.00, -150.00) GC 
2. 153T93.469000 AT t -50.00, -150.00) GC 7. 83767.11ROO AT ( -so.oo, -200.00) GC 
3. 931?2.593800 AT ( 0.00, -100.00) GC 8. 71701.125000 AT ( -150.00, -200.00) GC 
4. 92253.765600 AT ( -50.00, -50.00) GC 9. 70976.671900 AT ( -100.00, -200.00) GC 

-50.00) GC 5. 91156.015600 AT ( -150.00. -150.00) GC 10. 69648.992200 AT ( -100.00. - THE WI#M 10 ANNUAL AVERAGE COWCENTRATIOW VALUES FOR GRWP: SCQllPf2 - 
INCLUDING SWRUXS): QllPIT2 * 

RECEPTOR (XR,YR) OF TYPE RANK COW AT RECEPTOR (XR,YR) OF TYPE RANK CONE AT 
- - - - L - - - _ _ _ _ . - _ _ . _ _ l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1. 139991.125000 AT ( 0.00, -50.00) GC 6. 67888.148400 AT ( 0.00, 0.00) GC 
2. 115199.867000 AT ( 0.00, -100.001 GC 7. 62202.351600 AT ( -100.00, -50.00) GC 

8. 57130.062500 AT ( 0.00, -150.00) GC 3. 799U.289100 AT ( 50.00. -50.00) GC 
4. 7 U 7 7 . O O f B O O  AT ( -1~0.00, -100.00) GC 9. 53786.851600 AT ( -50.00, -150.00) GC 
5. 72433.195300 AT ( 50.00, -100.00) GC 10. 52717.Cf3100 AT ( 50.00, 0.00) GC 

B 
THE WIIX1)QIII 10 ANNUAL AVERAGE CO(EENTRAT1QI VALUES FOR GROUP: SGQIlPT3 I)+. 

SNCL1IDING SOURCE(S): QI1PSsP1 , QllP3so2, CU~PSW, oUlP3504, Ql1P3sQ5, 

CONC AT RECEPTOR (XR,YR) OF TYPE RANK U m C  AT RECEPTOR tXR,YR) OF TYPE RANK - - _ _ _ - - - - - . - - - - - _ - _ _ . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - -  
1. 39T113.000000 AT ( 0.00, 0.00) G t  6. 317881.000000 AT ( -50.00, 50.00) GC 
2.  393168.250000 AT ( -50.00, -50.00) GC 7. 313066.750000 AT ( -100.00, -50.00) GC 
3. 386153.594000 AT ( 0.00, 50.00) Gt 8. 29482.59&000 AT ( 0.00, -50.00) GC 
t .  333850.375000 AT ( -150.00, 0.00) GC 9. 247764.813000 AT ( -100.00, 0.00) GC 
5. 320833.938000 AT ( -50.00, 0.00) GC 10. 245062.000000 AT ( -100.00, -100.00) GC 

*.* RECEPTOR TYPES: GC = GRIDURT 
GP = GRIDWLR 
DC = DISCCART 
OP = DlSCWLR 
BD * BOUNDARY 

D-111-77 



r 
ISCLT2 - VERSIOW 93109 - - HOT SPOT -EL NG FOR WATlYll OW SITE CONCENTRATIOWS USING 50 METER *- 07/16/93 

rrr 15:11:18 
PACE 70 

- RECEPTaR GRID AN0 1987 METEOROLOGICAL OATA FOR CURRENT SCENARIO _- 

e W E i i Y t  WSi6)iS USED: COYC RURAL FLAT DFAULT 

- WE MAXIM 10 ANNUAL AVERAGE CONCENTRATIO(I VALUES FOR GRQIP: SGQllPTl *- 
1NCLU)ING SQIRCEtS): WlPIT4 , 

COlC OF POLL1 IN WICROCRAWSW3 CI 

RANK CWC AT REQPTQR (XR,YR) OF TYPS RANK W U C  AT RECEPTOR (XR,YR) OF TYPE 
- - - _ _ - _ - _ . _ _ _ _ _ _ - * _ _ - - - - - - - - - - - - - - - * . - - - * - - * - . - - - - - - - - - * - - - - - - - * -  

1. 1488u.719000 AT ( 150.00, 0.00) GC 6. 89247.398600.AT ( 0.00, 0.00) GC 
2. 127051.836000 AT ( 100.00, 50.00) GC 7. 85866.578100 AT ( 200.00, 0.00) CC 
3. 123501.680000 AT ( 150.00, 50.00) CC 8. 79098.382800 AT ( 200.00, 50.00) GC 
4. 110917.414000 AT ( 150.00, -50.00) CC 9. 7c831.281300 AT ( 0.00, -50.00) GC 
5. 96022.171900 AT ( 100.00, -50.00) CC 10. 74784.007000 AT ( 100.00, 100.00) GC - THE WI#w 10 ANNUAL AVERAGE COlCEWTRATlOW VALUES FOR GROUP: SUUl8PT - 

INCUDING SCURCE(S): WlBPIT , 

RANK COWC AT REQPTOR (XR,YR) OF TYPE RANK CDWC AT RECEPTOR (XR,YR) OF TYPE 
- . - - - - _ _ - - _ _ . - _ - _ _ * - - - - * - - - - - - * - - - - * - - - - - - . * - - * - - - - - - - - - - - - - * - - - -  

1. 128679.164000 AT ( 50.00, 0.00) GC 6. 50160.101600 AT ( 0.00, -50.00) CC 
2. 13674.921900 AT ( 50.00, 50.00) Gt 7. l7711.23UOO AT ( 100.00. 0.00) GC 
3. 60658.oC3000 AT ( -50.00, 0.00) GC 8. 3~ i .uu1soa  AT t iao.ao, 50.00) CC 
6 .  56628.418000 AT ( 0.00. 50.00) GC 9. 36181.050000 AT ( -50.00, -50.00) GC 
5.  551U.511700 AT ( 50.00, -50.00) CC 10. 30750.255900 AT ( 100.00, -50.00) GC - ?HE MXIW 10 ANNUL AVERAGE COWCENTRATIOW VALUES FOR CROUP: SQUlALL - 

INCLUDING SQIRCECS): WlPITl  , WlPXlZ , WlP3SP1, WlP3SO2, WlP3SQ3, QllP3504, WlP3SO5, 
w 1 P w  , wism , 

WNC AT RECEPTOR (XR,YR) OF TYPE RANK COlC AT RECEPTOR (XR,YR) OF TYPE RANK 
- - - - - - - - - - - - _ - - _ _ _ _ _ - . - - - - - * - - - - - - - * - - - - - - - . - - - - - - - - - - * - - - - - - - - - -  

1. 625257.125000 AT ( 0.00, -50.00) GC 6. 502095.625000 AT ( -100.00, -50.00) GC 
7. U1450.3UOOO AT ( 0.00, -100.00) ec 2. 596219.313000 AT ( 0.00, 0.00) CC 

3. 578952.313000 AT ( -50.00, -50.00) GC 8. U1619.156000 AT ( 50.00, 0.00) CC 

5 .  5cC586.563000 AT ( -50.00, 0.00) CC 10. 43W37.375000 AT ( -50.00, 50.00) GC 
4. 552286.500000 AT ( 0.00, 50.00) GC 9. 4%648.250000 AT ( -50.00, -100.00) GC 

- RECEPTOR TYPES: GC c CRIDURT 
GP = GRIDWLR 
DC 6 DISCCART 
DP = DISCWLR 
BD = B M I D A R Y  

D-111-78 



' 47 
*- 1SCLT2 - VERSION 93109 - - HOT SPOT WOOELlNG FOR WAXImm ON SITE COWCENTRATIalS USING 50 METER - 07/16/93 

-- - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO e n  15: 11 : 18 
PAGE TI 

** MODELING OPTIONS USED: CONC RURAL FLAT DFAULT 

- SWRCE W l P l T 1  CWTRIBUTIOWS TO THE M I W U (  10 ANNUAL AVERAGE CONCENTRATIOW VALUES FOR GROUP: SGOulPTl - 
CONC OF POLL1 I N  MICRocRAnS/CTc.3 ). 

RANK COWC AT RECEPTOR <XR,YR) OF TYPE RANK CQlC AT RECEPTOR (XR,YR) OF TYPE 

1. 163625.531000 AT ( -50.00, -100.00) CC 6. 89133.656300 AT ( 0.00, -150.00) GC 
2. 153rn.u9000 AT ( -50.00, -150.00) cc 7. 83767.117200 AT ( -50.00, -200.00) GC 
3. 93172.593800 AT ( 0.00, -100.00) G t  8. 71?01.125000 AT ( -150.00. -200.00) GC 
4. 92253.765600 AT < -50.00. -50.00) GC 9 .  70976.671900 AT ( -100.00, -200.001 GC 
5. 91156.015600 AT ( -150.00, -150.00) GC 10. 69666.992200 AT ( -100.00, -50.00) GC 

_ _ _ - - - - - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - .  

OH RECEPTOR TYPES: GC = G R I D W T  
GP = GRIDWLR 
DC = DISCWT 
DP = DIStWLR 
Bo = BQlYDARY 

D-111-79 



15:ll:lE 
PAGE ?a 

- ISCLT2 - M R S l O l  93109 - - MOT SPOT MWELING FOR W1)IIw ON SITE WWCEWTRATIWS USING 50 METER ** 
_- - RECEPTOR GRID AND 1987 WETEOROLOGKAL DATA FOR WRRENT SCENARIO *- 

- MCOELING OPTIONS USED: CatC RURAL FLAT DFAULT 

- COYC OF POLL1 IN IIICRoGRAcIs/wc.5 .n. 

RANK M)wC AT REeEPTOR CXR.YRI) OF TYPE RANK CONC AT RECEPTaR (XR,YR) OF TYPE _ _ _ _ _ _ _ _ _ . - _ - _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - .  
1. 139991.125000 AT ( 0.00, -50.00) GC 6. 67888.1WO AT ( 0.00, .O.OO) CC 
2. 115W9.867000 AT ( 0.00, -100.00) GC 1. 62202.351600 AT ( -100.00. -50.00) GC 
3 .  m u . 2 a 9 i o o  AT ( 50.00. 
4. 7L177.007800 AT ( -100.00, -100.00) GC 9. 53m.a51600 AT ( . -50.00. -150.00) GC 

-50.00) GC 8. 57130.wzSOO AT ( 0.00, -150.00) GC 

5.  72433.195300 AT ( 50.00, -100.00) GC 10. 52717.1531DO AT ( 50.00, 0.00) GC 

rrr RECEPTOR TYPES: GC = GRlOURl 
CP = CRIDPOLR 
DC DISCCART 
DP = OlSCPOLR 
80 8 

. 

I.. . 

2 ' . 
@ 3 4 7  

D-111-80 



*- ISCLT2 - VERSION 93109 - - HOT SPOT ROOELING FOR WI)I)I ON SITE CONPNTRATIOWS USING 50 METER - 01/16/93 

PAGE 79 

-- - RECEPTOR GRID AND 1987 METEOROLdCAL DATA FOR QlRRENT SCENARIO HI 15:11:18 

B e WaDELINCOPTlONSUSED: CON[ RIRAL FLAT DFAULT 

en SOURCE OUlP3S01 CONTRIWIOWS TO THE WIIW 10 ANNUAL AVERAGE taWCENTRAT1OW VALUES FOR CROUP: SCOUlPT3 - 
RANK CONC AT RECEPTOR (XR,VR) OF TYPE RANK Q Y C  AT RECEPTOR (XR.YR) OF TYPE 

I .  ~ . 3 o c m o  AT ( 0.00, 0.00) GC 6. 151107.859000 AT ( -50.00. 50.00) GC 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - -  

2. swm.o82ooo AT ( -5o.00, -50.00) GC 7. 62150.433600 AT ( -100.00, -50.00) cc 
3. 793S2.585900 AT ( 0.00, 50.00) G t  8. 42X8.937500 AT ( 0.00, -50.00) GC 

0.00) GC 4. 87959.976600 AT ( -150.00, 0.00) GC 9. 0.OOO000 AT ( -100.00, 
5. 121cC5.070000 AT ( -50.00, 0.00) cc 10. 2658c.599600 AT ( -100.00, -100.00) GC - SWRCE OUlP3SO2 CONTRIBUTIOWS TO THE WAxIWul 10 A N W  AVERAGE COUCENTRATION VALUES FOR GRWP: SUXIlPTS - 

RANK C O l C  AT RECEPTOR (XR,YR) OF TYPE R W K  QYC AT RECEPTOR <XR,YR) OF TYPE 

1. 106175.094000 AT ( 0.00, 0.00) CC 6. 0.WWO AT ( -50.00, 50.00) GC 

3. 168507.188000 AT ( 0.00, 50.00) GC 8. 560%.683600AT( 0.00, -50.00) GC 
6. 44085.582000 AT ( -150.00, 0.00) Gt 9. 81319.156300 AT ( -100.00, 0.00) ec 

-50.00) GC 2. 48101.960900 AT ( -50.00, -50.00) GC 7. 410%.203100 AT ( -100.00, 

5 .  0.000000 AT ( -50.00, 0.00) Gt 10. 1m7.470700 AT ( -100.00, -100.00) GC 

B COLC AT UECEPTa (XR,YR). O f  TYPE RANK C # C  AT RECEPTaR (XR,IR) OF TYPE 
_ _ - - - - - _ . - - _ _ _ _ 1 _ _ 1 _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - . - - . - -  

1. U278.722700 AT ( 0.00. 0.00) GC 6. 17612.500000 AT ( -50.00, 50.00) Ct 
2. 7U33.367200 AT ( -50.00, -50.00) GC 7. 146008.PLOOO AT ( -100.00, -50.00) Gt 
3. 36201.355500 AT ( 0.00, 50.00) CC 8. 46266.113300 AT ( 0.00. -50.00) G t  
4. 111975.66&000 AT ( -150.00, 0.001 Ct 9. 103W.930000 AT ( -100.00, 0.00) Gt 
5. 67227.750000 AT ( -50.00, 0.00) GC 10. 112Lic.%5000 AT ( -100.00, -100.00) GC - SOURCE OUlP3sOC taWTRIBu I1WS TO THE Iuw1)111 10 ANNUAL AVERAGE CONCENTRATIQl VALUES FOR GROUP: S U X I l P n  - 

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RAU CONC AT RECEPTOR (XR,YR) OF TYPE - - - - - - - - - I  I - * - - . -  - - I _ _ _ _ _  - - - - - - . -  - .. * - I - . -  - - - - - - - - - - - - - - 
1. 76013.515600 AT ( 0.00. 0.00) GC 6. 75972.312500 AT ( -50.00, 50.00) GC 

3. 56519.937500 AT ( 0.00, 50.00) GC 8. 76l61.126600 AT ( 0.00, -50.00) GC 
4. 63819.402300 AT ( -150.00, 0.00) GC 9. 0.000OOO AT ( -100.00, 0.00) CC 

2. 136049.328000 AT ( -50.00, -50.00) GC 7. O.OOOOO0 AT ( -100.00, -50.00) G t  

5. 1L0161.109000 AT ( -50.00, 0.00) GC 10. 6M61.632800 AT ( -100.00, -100.00) GC 

gH RECEPTOR TYPES: GC = GRIDCART 
GP GRlDPOLR 
OC = OlSCURT 
DP = OISEPOLR 
BD 8 BQ)YDARY 

?34? 
D-111-81 



- ISCLTZ - VERSION 93109 - - HOT SPOT I O E L I N G  FOR WIM 011 SITE OQlCENTRATIOWS USING 50 METER - 07/16/93 
' - RECEPTOR GRID AND 1987 RETEOROLOCKAL DATA FOR WRRENT SCENARIO *- 15:ll: 18 

PA@ 80 
OFAULT 

I -- 
Go WQ)ELING OPTIONS USED: COLC RURAL FLAT 

- SOURCE QllP3SO5 COYTRIBUTIOIS TO THE W I W n  10 ANNUAL AVERAGE COYCENTRATION VALUES FOR GROUP: ScQllPTJ - 
RANK COWC AT RECEPTOR (XR,YRI OF TYPE RANK a t  ' AT RECEPTbR (XR,YR) OF TYPE 

1. 104583.375000 AT ( 0.00, 0.00) GC 6. 43191.308600 AT ( -50.00, 50.00) GC 
-50.00) GC 2. 73213.18cw10 AT ( -50.00. -50.00) GC 7.  6301.863300 AT ( -100.00. 

3. 47572.535200 AT ( 0.00, 50.00) GC 8. 7!?%9.1UodO AT ( 0.00, -50.00) GC 

0.00) GC 6 .  26011.740200 AT ( -150.00. 0.00) cc 9. 63355.710900 AT ( -100.00, 
5. 0.000000 AT ( -50.00. 0.00) GC 10. 21083.335900 AT ( -100.00, -100.00) GC 

. . . _ - - _ - - _ - _ - - - - _ _ _ - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - . - -  

. .. 
. I  

0 / .  . 

D-111-82 



07/16/93 
-- *- RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO *- 15:ll: 18 

PAGE 81 
.* MODELING OPT1oYS USED: CWC RURAL FLAT DFAULT 

ISCLTZ * VERSION 93109 - - HOT SPOT MODELING FOR I I A X I W  o)( SITE CWcENTRATIO(IS USING 50 METER *** 

B 

.D CWC OF POLL1 I N  MICROCRAnS/P3 U 

COYC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR <XR,YR) OF TYPE RANK 
_ - . - - * - - - - _ _ _ - - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ I _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - -  

0.00) GC 
0.00) CC 2. 127O51.835400 AT ( 100.00, 50.00) GC 7. 8!i866.578100 AT ( 200.00, 

3. 123501.680000 AT ( 150.00, 50.00) GC 8. 79098.382806 AT ( 200.00, 50.00) GC 
4. 110917.114000 AT ( 150.00, -50.00) CC 9. 74891.281300 AT ( 0.00, -50.00) CC 
5 .  96022.171900 AT ( 100.00, -50.00) GC 10. 74781.007800 AT ( 100.00, 100.00) GC 

1. 1481u4.71900D AT ( 150.00, 0.00) GC 6. 89247.398100 AT ( 0.00. 

*OO RECEPTOR TYPES: GC = G R I D W T  
W = GRIDWLR 
DC = D I S C W T  
DP = DISCWLR 
60 = BQIYDARY 

D-111-83 



15: l l :  18 
PAGE 82 
07/16/93 4 - - HOT SPOT WOELING FOR WWIW ON SITE CONCENTRATIOWS USING 50 METER - RECEPTOR GRID AN0 1987 )(ETEOROLOGICAL DATA FOR WRRENT SCENARIO *ao - MODELING OPTIONS USED: CONC RURAL FLAT OFAULT 

SOURCE OU1BPI.f COWTRIBUTIONS TO THE wAxI#Iw 10 ANNUAL AVERACE COWCENTRATION VALUES FOR GROUP: SCOUlBPT - 
RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CQiC AT RECEPTOR (XR,YR) OF TYPE . - _ - _ _ - _ - . _ _ _ - - - . 1 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L - - - - - - - - - - - - - - - - . - . - - - - - -  

1. 128679.164000 AT ( 50.00, 0.00) .GC 6. 50160.101600 AT ( 0.00, -50.00, CC 

0.00) GC 2. 7367~.921900 AT ( 50.00, 50.00) GC 7.  CT111.23chOO AT ( 100.00, 
50.00) GC 3. 60658.043000 AT ( -50.00, 0.00) G t  8. 39991.180500 AT ( 100.00, 

4. 56628.618000 AT ( 0.00, 50.00) ec 9. 36181.058600 AT ( -50.00. -50.00) GC 
5 .  55144.511700 AT ( 50.00, -50.00) GC 10. 30750.255900 AT ( 100.00, -50.00) GC 

*- RECEPTOR TYPES: GC = G R I O U R T  
CP = GRIOPOLR 
DC = OISCCART 
OP = OISCWLR 
BD = BOUYDARY 

... . 

0351 

e 

D-111-84 



*- ISCLTZ - VERSION 93109 - - HOT SPOT MCOELING FOR WICRW ON SITE CWICENTRATI~~~S"USING 50 METER *- 07/ 16/93 
_- - RECEPTOR GRID AN0 1987 METEOROLOGrUL DATA FOR CURRENT SCENARIO *U 15:11:18 

PAGE 83 

..* MOOELING OPTIWS USED: CONC RURAL FLAT OFAULT 

- SOURCE WlPIT1 CONTRIBUTIONS TO THE UAXIMUH 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: SGOUlALL *** 

1. 
2. 
3. 
c. 
5 .  

RANK 

1. 
2 .  
3. 
4 .  
5 .  

- - -  

65132.031300 AT ( 0.00, -50.00) CC 6. 69668.992200 AT ( -100.00, -50.00) cc 
41370.T7UOO AT ( 0.00, 0.00) GC 7. 93172.593800 AT ( 0.00, -100.00) GC 
92253.765600 AT ( -50.00. -50.00) GC 8. U6?0.472700 AT ( 50.00, 0.00) GC 

25982.525400 AT ( 0.00. 50.00) GC 9. 163625.531000 AT ( -50.00, -100.00) GC 

45048.699200 AT ( -50.00, 0.00) GC 10. 23647.652300 hT ( -50.00, 50.00) CC 

** SWRCE WlPITZ CCWTRIBUTIONS TO THE WlUW 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: SGOUlALL *- 

CONC AT RECEPTOU (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE 
_ - - - - - - _ _ - - - - _ - . - - - - _ _ I _ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - . - - - - - - . - - - - -  

139991.125000 AT ( 0.00, -50.00) GC 6. 62202.351600 AT ( -100.00, -50.00) GC 
67888.148100 AT ( 0.00. 0.00) cc 7. llflW.861000 AT ( 0.00, -100.00) GC 

26932.810500 AT ( 0.00. 50.001 GC 9. 0.000000 AT ( -50.00, -100.00) GC 
50125.472700 AT ( -50.00, 0.00) GC 10. 19036.449200 AT ( -50.00. 50.00) GC 

0.000000 AT ( -50.00, -50.00) CC 8. 52717.453100 AT ( 50.00, 0.00) GC 

- SOURCE OUlP3s01 CONTRIBUTIONS TO THE MAKIWI( 10 ANNUAL AVERAGE COUEENTRATIQ( VALUES FOR GROUP: SCQIlALL - 
C(Y(E AT RECEPTOR (XR.YR) OF TYPE RANK CDNC AT RECEPTaR <XR,YR) OF TYPE - - - - - - - - - - - - _ _ - . - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - . - - - - - - - - - - -  

1. 42368.931500 AT ( 0.00, -50.00) GC 6. 62750.433600 AT ( -100.00, -50.00) cc 
2. 66662.304700 AT ( 0.00. 0.00) GC 7. 25951.209000 AT ( 0.00, -100.00) GC 
3. 59670.082000 AT ( -50.00, -50.00) GC 8.  3%7&.953100 AT ( 50.00, 0.00) CC 
4. 79352.585900 AT ( 0.00. s 0 . w  tc 9. 29689.283200 AT ( -50.00, -100.00) GC 
5 .  121U5.070000 AT ( -50.00, 0.00) ec 10. 151107.859000 AT ( -50.00, 50.00) CC 

*- SOURCE WlP3S2 EOUTRIBUtl#OS TO THE WIIIL)I 10 ANNUAL AVERAGE C0NQNTRATN)N VALUES FOR GROUP: SGOUlALL 

RANK COW AT RECEPTOR (XR,YR) OF TYPE RANK CQlC AT RECEPTOR (XR,YR) OF TYPE . - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - -  
1. 56096.683600 AT ( 0.00. -50.00) GC 6. 41051.203100 AT ( -100.00, -50.00) GC 
2. 10617!i.O9LOOo AT ( 0.00, 0.00) GC 7. 25191.726600 AT ( 0.00, -100.00) GC 
3 .  L8101.960900 AT ( -50.00, -50.00) GC 8. 69572.0672200 AT ( 50.00. 0.00) cc 
L .  168507.188000 AT ( 0.00. 50.00) GC 9. 22292.118000 AT ( -50.00, -100.00) GC 
5. 0.000000 AT ( -50.00, 0.00, GC 10. 0.000000 AT ( -50.00. 50.00) CC 

*** RECEPTOR TYPES: CC = GRIOCART 
CP = GRIOWLR 
oc = OISCCART 
OP = OISCPOLR 
ED 0 B W A R Y  

r' 3 s ,? 
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15: 11 :18 
PAGE ru. 07'16'93 4 - ISCLTZ - VERSION 93~109 - - HOT SPOT WQ)ELINC.FOR W A X I l l l l l  ON SITE COWCENTRATIONS USING 50 METER *- - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO m -- 

.** MCOELlNG OPTIONS USED: CONC RURAL FLAT DFAULT 

*- SOURCE WlP3Sp3 CONTRIBUTIOWS TO THE WAXIlllll 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: SCOUlALL ***. 

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YRI OF TYPE 

1. 16286.113300 AT ( 0.00, -50.00) CC 6. 146008.234000 AT ( -100.00. -50.00) CC 
_ _ _ _ _ _ _ _ _ _ _ _ _ * - _ - - - - - - - . - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

2- c42?8.?22?00 AT ( 0.00. 0.00) GC 7. 4i5w.429700 AT ( 0.00, -100.00) GC 
3-  76433.367200 AT ( -50.00. -50.00) CC a. 31054.a94500 AT ( 50.00, 0.00) Gt 
4. 36201.355500 AT ( 0.00, 50.00) GC 9. 65016.273400 AT ( -50.00, -100.00) CC 
5. 6nzi.noooo AT ( -50.00, 0.00) Gt 10. 47612.500000 AT ( -50.00, 50.00) Gt 

*- SOURCE WlP3S04 CONTRIBUTIONS TO THE MAXI#III 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR CROUP: StQllALL - 
RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT - - - - - _ - _ _ _ _ _ _ _ - _ - _ . _ - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - -  

0.000000 AT ( -100.00, -50.00) CC 1. 74161.726600 AT ( 0.00, -50.00) GC 6. 
2. 76013.515600 AT ( 0.00. 0.00) GC 

4. 54519.937500 AT ( 0.00. 50.00) CC 9. 75062.328100 AT ( -50.00, -100.00) GC 
5. 140161.109000 AT ( -50.00, 0.00) cc 10. 75972.312500 AT ( -50.00, 50.00) GC 

7. 48735.765600 AT ( 0.00, -100.001 Gt 
3. 136049.328000 AT ( -50.00, -50.00) CC 8. C121L.625000 AT ( 50.00, 0.00) Gt 

- SOURCE WlP34P5 tOWTRlBUTIWS TO THE MAXIILCI 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR CROUP: SGQI1ALL - 
Y CONC AT REEPTW (XR,YR) OF TYPE RANK WWC AT RECEPTOR (XR,YR) OF TYPE - - - - . - - - . - - - - - * - - _ - - - - . - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - -  

1. 75589.125000 AT ( 0.00, -50.00) GC 6. 63251.863300 AT ( -100.00, -50.00) GC 
2. 101583.375000 AT ( 0.00. 0.00) GC 7. 281z.996100 AT ( 0.00, -100.00) GC 

4. 47572.535200 AT ( 0.00. 50.00) GC 9. 21805.566bOO AT ( -50.00, -100.00) GC 
5. 0.000000 AT ( -50.00, 0.00) Gt 10. 43191.308600 AT ( -50.00, 50.00) GC 

3. 73213.4WDO AT ( -50.00, -50.00) GC 8. 412%.?3&00 AT ( 50.00. 0.00) Gt 

SOURCE OUlPITC COUTRIBUTIONS TO THE M A X I M W  10 ANNUAL AVERAGE CONCENTRATION VALUES FOR CROUP: SUUlALL - 
RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK QIlC AT 

- - - - - - . - - - - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - * - - - - - - - * - - - - - - * - * - -  

I. 7C891.2a1300 AT 0.00, -50.00) GC 6. 35676.820300 AT ( -100.00, -50.00) GC 
7. 52433.023400 AT ( 0.00, -100.00) cc 2 .  89247.398400 AT ( 0.00, 0.00) cc 

3 .  57049.226600 AT ( -50.00, -50.00) GC 8. 50.00, 0.00) GC 0.000000 AT ( 

4. 56589.168000 AT ( 0.00, 50.00) GC 9. 37776.661700 AT ( -50.00, -100.00) GC 
5. 59920.367200 AT ( -50.00, 0.00) Gt 10. 43294.968000 AT ( -50.00, 50.00) CC 

*- RECEPTOR TYPES: GC s C R I O U R T  
GP = CRIDWLR 

DP = DISCPOLR 
DC = DISCURT 

BD 0 B m u Y  

D-111-86 



07/16/93 
15:11:18 

- ISCLTZ - VERSION 93109 - - HOT SWT rmDELlNG FOR WI#w ON SITE CONCENTRATIONS USING 50 METER *- - RECEPTOR GRID AND 1987 METEOROLOGICAL DATA FOR CURRENT SCENARIO m 

PACE as 
a* MaDELING OPTIONS USED: COWC RURAL FLAT DFAULT 

- SWRCE WlBPIT CONTRIBUTIOWS TO THE WIeRlrl 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: SMUlALL 

- +r C W C  OF POLL1 IN MlCRoGRAIIS/P3 +r 

RANK COllC AT RECEPTOR (XR,YR) OF TYPE RANK COYC AT RECEPTOR (XR,YR) OF TYPE 
_ _ _ _ _ _ L _ _ _ _ _ _ _ _ _ _ - _ _ - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1. 50160.101600 AT ( 0.00, -50.00) GC 6. 21502.707000 AT ( -100.00, -50.00) GC 

3. 36181.058600 AT ( -50.00, -50.00) GC 8. 128679.164000 AT ( 50.00, 0.00) GC 
4. 56628.618000 AT ( 0.00, 50.00) GC 9. 13320.610300 AT ( -50.00, -100.00) GC 

2. 0.000000 AT ( 0.00, 0.00) GC 7. 16695.691600 AT ( 0.00, -100.00) GC 

5 .  60658.063000 a i  ( -50.00, 0.00) cc 10. 26570.306600 AT ( -50.00. 50.00) GC 

*- RECEPTOR TYPES: GC 6 GRIDCART 
GP = GRlDPOLR 
DC = DISCURT 
DP = DISCPOLR 
BD = BQRlpARY 

D-111-87 
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, 07/16/v3 15:11:18 4 *- ISCLT2 - VERSION 93109 - - HOT SPOT I#X)ELING FOR WAxI#III Ow SITE CWCENTIUTIO(IS USING 50 METER - RECEPTOR GRID AND 1987 METEOROLOGItAL DATA FOR CURRENT SCENARIO 
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E.l.O INTRODUCTION 

This appendix contains the Operable Unit 1 Baseline Risk Assessment, which was prepared to support 
the Operable Unit 1 Remedial Investigation (RI) report. Operable Unit 1 is defined as the waste pit 
area and includes Waste Pits 1 through 6, the Clearwell, Bum Pit, berms, liners, and soil within the 
operable unit boundary. The primary objective of this Baseline Risk Assessment is to-evaluate and 
document the potential threats to human health and the environment that may be posed by current and 
predicted future exposures to contaminants within Operable Unit 1 if no remedial actions aE  taken 
beyond those already complete. 

The specific objectives of this Baseline Risk Assessment are: 

Estimate the magnitude of potential health risks, as calculated using Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) methodology, 
associated with Opemble Unit 1 if no remedial actions are taken. 

Identify the areas, environmental media, and contaminants that pose the primary health 
concerns. 

Identify the areas, environmental media, and contaminants that pose little or no threat to 
human health. 

Identify whether there are data gaps so additional information can be collected in 
subsequent phases of the Remedial Investigatiofleasibility Study ( W S )  process to 
support cleanup decisions. 

- 

Provide a basis for determining whether remediation is necessary at the site. 

. Identify specific areas and environmental media for which cleanup is appropriate. 

Present a 'baseline" of potential human health risks for the no-action alternative in the 
FS. 

Provide a basis for determining cleanup levels and criteria. 

This Baseline Risk Assessment provides the framework for determining human health risks associated 
with Operable Unit 1, if no further remedial actions or institutional controls are applied. If risks are 
deemed unacceptable, the baseline risk assessment is used to develop infomation necessary to assist in 
evaluating remedial alternatives. 

The following activities/analyses are performed in the Baseline Risk Assessment to develop this 

information: 
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Identification of constituents of potential concern 

Identification of significant exposure pathways 

Quantification of significant exposures atuibutable to Operable Unit I 

Estimation of health risks to potential on- and off-site receptors 

FEMP-01RI4 DRAFT 
October 12.1993 

e Characterization of sources and degrees of uncertainty in the risk analysis 

The Operable Unit 1 FU addresses only the potential risks associated with the contaminant sources, or 
waste storage areas within the boundaries of Operable Unit 1. Baseline risks associated with 
contamlMn - ts currently found in the surrounding groundwater, surface water. and sediments will be 
addressed in the Operable Unit 5 W S .  Operable Units 2, 3, and 4 will also address the potential for 
constituent migration from these operable units and the potential impact on environmental media. 
Thus, while the Operable Unit 1 RI provides information on surrounding media, the baseline risk 
assessment addresses only the risks posed by contaminants in Operable Unit 1 in order to determine if 
remediation is required. With the use of fate and transport modeling, the risk assessment will address 
the potential for Operable Unit 1 to contribute to future contamination in the surrounding media. 

The Site-Wide Qlaracterization Repon (DOE 1993c) contains detailed infomation concerning site 
ecological receptors and any potential impacts the site may have had on these ~sources.  Therefore, 
risks to ecological resources and any associated impacts will not be addressed in this document. These 
concerns are within the scope of Operable Unit 5. as specified in the Risk Assessment Work Plan 
Addendum (DOE 1992a), and agreed to by EPA Region V BTAG in February 1993. 

The organization of this Baseline Risk Assessment for Operable Unit 1 is consistent with the four 
primary steps of the risk assessment pmess, as described in U.S. Environmental Protection Agency 
(EPA) guidance. These steps include data compilation and analysis, exposure assessment, toxicity 
assessment, and risk characterization. The report is organized as follows: 

Section E.l.O (Introduction) presents general information on the site background and the 
overall approach used in the Operable Unit 1 Baseline Risk Assessment. 

Section E.2.0 (Identification of Constituents of Potential Concern) reviews the data 
collection effort and evaluates available data to identify contaminants of potential 
concern for the human health evaluation. 

Section E.3.0 (Human Exposure Assessment) describes the exposure setting, potential 
receptor populations, and relevant exposure pathways; estimates exposure point 
concentrations (based on the fate and transport assessment presented in Section 5.0 of 
the RI Report); and quantifies exposure for each receptor population. 
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Section E.4.0 (Toxicity Assessment) provides human toxicity information for the 
contaminants detected at Operable Unit 1. 

Section E.5.0 (Health Risk Characterization) presents the methodology and results of the 
health risk assessment. 

Section E.6.0 (Uncertainties) summarizes the uncertainties associated with selection of 
constituents of potential concern, exposure and toxicity assessments, and risk 
characterization for the human health assessment. 

Section E.7.0 (Summary and Comparison to Background) provides a risk summary and 
a comparison of site risks to background risks due to the presence of inorganic and 
radiological constituents in native soils. 

This appendix contains four attachments. Attachment E.1 presents a summary of background 
concentrations of chemicals in various environmental media. Attachment E.11 presents summary 
statistics for the different data sets used in preparing the Baseline Risk Assessment. Attachment E.III 
contains receptor-specific intakes for the constituents of potential concern. Attachment E.IV presents 
calculated chemical-specific risks for all receptor and exposure routes. 

E.l.l OVERVIEW 
The Femald Environmental Management Project (FEMP) is located on 425 hectares (1050 acres) in 
Hamilton and Butler counties in southwestem Ohio. The Fernald site is approximately 29 kilometers 
(17 miles) northwest of downtown Cincinnati, Ohio, between the villages of Ross and Femald 
Figure E.1-1). The site became contaminated with radioactive and nonradioactive materials as a result 
of processing and disposal activities that took place during production at the facility. The U.S. 
Department of Energy (DOE) is responsible for cleanup under the Environmental Restoration and 
Waste Management Program. The major goals of this program are to eliminate potential hazards to 
human health and the environment. The Femald site is operated by the Femald Environmental 
Restoration Management Corporation (FERMCO). 

For completion of the RUFS and implementation of the remedial actions, the site is divided into five 
study mas. or operable units, as shown in Figure E. 1-2: 

Operable Unit 1 - Waste Pit Area 
Operable Unit 2 - Other Waste Units 
Operable Unit 3 - Former production area 
Operable Unit 4 - Silos 1 through 4 
Operable Unit 5 - Environmental Media 

Each operable unit is undergoing a separate RI/FS, which characterizes the nature and extent of 
contamination. evaluates potential risks to human health and the environment, and evaluates potential 
remedial alternatives for each unit. This Baseline Risk Assessment for Operable Unit 1 addresses 
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potential human health impacts associated with the waste pit area under current and hypothetical future 
conditions in the absence of cieanup. The health risk assessment provides a technical basis for 
determining whether remedial action is warranted and provides a basis for evaluation for remedial 
alternatives in the event that site mediation is deemed necessary. Potential ecological impacts 
associated with Operable Unit 1 are addressed in the Site Wide Characterization Report (DOE 1993c) 
and will be addressed in the Operable Unit 1 FS and the Operable Unit 5 RI. 

E. 1.1.1 Environmental ComDliance Process 
The assessment of baseline health risks and environmental impacts for a contaminated site is an 
important element of the RUFS process. This process addresses the cleanup of hazardous waste sites 
under the Comprehensive Environmental Response, Compensation. and Liability Act (CERCLA). 
Four primary evaluation documents constitute the RVFs for Operable Unit 1: 

The RI, which presents site characterization results and addresses the nature and extent 
of contamination 

This Baseline Risk Assessment, which uses information from the RI to estimate human 
health impacts that could occur if no cleanup actions are taken 

The FS, which develops and evaluates cleanup alternatives based on the results of the 
Baseline Risk Assessment and the various response actions that might be appropriate for 
the contaminated locations and media at the site 

The proposed plan (PP), which summarizes the analysis of final alternatives from the FS 
and identifies the prefemd remedial action alternative 

The decision-making process for the cleanup of Operable Unit 1 integrates the requirements of two 
major environmental laws. The first major law is CERCLA. which establishes the need for this 
baseline risk assessment and addresses the cleanup of contaminated sites. The second major law, the 
National Environmental Policy Act (NEPA), requires evaluating the impacts of major federal actions 
that may significantly affect the quality of human health and the environment. The results of a NEPA 
evaluation are presented as an Environmental Impact Statement (EIS) or an Environmental Assessment 
(EA). The documents developed for site cleanup under the RVFs process of CERCLA are 
supplemented by an evaluation of NEPA values and therefore also meet the procedural and 
documentational requirements of NEPA. 

The activities and environmental compliance documents for Operable Unit 1 are developed in 
coordination with EPA Region V and the State of Ohio. The documents are also made available to 
the public, and public involvement is an important factor in the decision-making process for site 
mediation. The primary evaluation documents of the RIFS-NEPA document (Le., the RI, Baseline 
Risk Assessment, FS, and PP) will be used to develop the record of decision (ROD) for cleanup of 
Operable Unit 1. Responses to public comments will be addressed in a responsiveness summary and 
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incorporated into the ROD, which wil l  be included in the Administrative Record with the final RUFS- 
NEPA document package for this action. Following the ROD, remedial design and remedial action 
activities will be implemented at Operable Unit 1. Public involvement in the proposed action will 
continue during the post-ROD period. 

B 

Environmental compliance activities at the Fernald site are governed by several legal agreements in 
addition to regulatory requirements. The Ohio Environmental Fmtection Agency (OEPA) regulates 
most Resource Conservation and Recovery Act (RCRA) activities while EPA oversees CERCLA 
activities. Although many CERCLA and RCRA activities overlap in certain situations, there is no ui- 
party agreement between EPA. OEPA, and DOE that addresses overlapping issues. 

E.1.1.2 General FEMP Descriution 
The site is located on 425 hectares (1050 acres) in Hamilton and Butler counties, approximately 
17 miles northwest of downtown Cincinnati, Ohio (Figure E.1-1). The main physiographic features in 
the area are gently rolling uplands, steep hillsides along major streams, and the Great Miami River 
Valley. The site is generally open grassland, with wooded areas on the southern, western, and 
northern portions. 

Located on relatively flat terrain, the site slopes gently from the northeast to the southwest. Drainage 
on the site is generally from east to west into Paddy’s Run Creek (Paddy’s Run), the primary surface 
drainage featuxe of the site. An intermittent tributary of the Great Miami River, Paddy’s Run flows 
from north to south near the western boundary of the site (Figure E.l-2). Paddy’s Run has historically 
received direct runoff from the western sections of the site, including the waste storage are&. A small 
tributary of Paddy’s Run, known as the storm sewer outfall ditch, is located to the south and east of 
the former production area. 

D 

Bounded on the west and south sides by roads. the perimeter of the irregularly-shaped site propeny is 
fenced, with the exception of two road entrance portals. A second inner fence line surrounds the 
former production area and waste disposal area (Figure E.l-3). The facility contains several large 
buildings and several waste ponds and storage silos. The structures contain s t o d  materials and 
inactive process equipment. A railroad spur runs along the north side of the former production and 
waste disposal areas. 

There ax no residences within the Femald site. Land use in the vicinity of the site is mainly 
agricultural, with dairy, beef, corn, and soy bean production. Several industries are located south of 
the facility. The Miami Whitewater Forest, a Hamilton County park, is located within five miles of 
the Femald site. Scattered midences and several villages, including Fernald, New Baltimore, Ross, 
New Haven, and Shandon are located near the site. There is an estimated population of more than 
24,000 people within five miles of the site. The nearest residence is within three quarters of a mile 1 , .. 
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(1200 metem) of the center of the facility. The nearest residences to the western boundary are located 
along the western side of Paddy's Run Road (Figure E.l-2). A dairy operation, Knollman Farm is 
located on Wdey Road just outside the southeast comer of the site's property boundary. Several 
residences are located along Paddy's Run Road, approximately one-half mile south of the facility's 
property boundary, and along New Haven Road, approximately one mile south of the property 
boundary. There are no schools, daycare centers, hospitals, or nursing homes within a one mile radius 
of the site. The Site Wide Characterization Report (DOE 1993c) provides more detailed information 
on local populations, physical features of the area, and land uses surrounding the site. 

From 1952 to 1989, the site operated with the primary mission of producing uranium metal products 
for use as feed materials in DOE and Department of Defense (DOD) programs. Production at the 
FemaId site peaked in 1960 at approximately 12,000 metric tons of uranium (mtu) per year. A 
product decline began in 1964, and reached a low in 1975 of about 1230 mtu. During the 1970% 
DOE considered closing the FemaId site. However, production levels subsequently increased in the 
1980s. and there was a rapid employment increase for several years. Implementation of a major 
facilities restoration program followed. Production ceased in July 1989; shutdown became permanent 
in June 1991 when the site mission changed from production to environmental restoration and waste 
management. The on-property worker population includes employees of DOE, FERMCO, and other 
CONraCtOrS. 

During its operating life, the site was called the Feed Materials Production Center (FMPC). When the 
site mission changed, the FMPC changed its name to the Femald Environmental Management Project 
(FEMP). The site is referred to throughout this report as the FEMP even though most of the activities 
described herein took place during the site's production years. 

The Femald facility converted uranium ore concentrates and "recycle materials" into high-purity 
uranium metal with varying isotopic ratios. Some of this metal was cast into ingots and shipped to the 
DOE facility located at Reactive Metals, Incorporated (RMI), in Ashtabula, Ohio, for extrusion into 
bars. These extrusions were returned to Fernald for heat treating and fabrication into target element 
cores for DOE reactors. Section 1.0 of the RI report includes a more detailed description of the 
uranium production process at the FEMP facility. 

A variety of chemical and metallurgical processes were utilized at the FEMP to manufacture uranium 
products. Eight separate operation plants associated with the production facility generated a variety of 
radioactive and nonradioactive wastes. Large quantities of liquid and solid wastes were generated by 
the various operations. Before Spring 1984. solid and slumed wastes from these processes were 
disposed in the waste storage area. Between 1984 and 1987, liquids from the general sump were 
discharged to Pit 5. This &a includes six low-level radioactive waste storage pits, the 
Biodenitrification Surge Lagoon (BSL), the Clearwell, the Bum Pit, two earthen-berm concrete silos 
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containing K-65 silo residues, one concrete silo containing waste residue, one empty silo, two lime 
sludge ponds, and a sanitary landfill. Portions of the waste storage area are included in Operable Unit 
1, operable Unit 2, and Operable Unit 4. 

The major types of waste streams generated at the site include depleted magnesium fluoride slag, slag 
leach filter cake, neutraked raffinate, depleted sump cake, general sump sludge, and dust collector 
residues. Several radionuclides are known to have been present in feed materials processed, stored, or 
disposed at the FEMP. Uranium, composed of the isotopes U-238, U-234, and U-235, is the most 
abundant radioactive material within the stored waste. Small quantities of transuranics and fission 
products - including strontium-90 (Sr-90). cesium-137 (Cs-137). ruthenium-106 (Ru-106). and 
technetium-99 (Tc-99) - also may be contained in plant effluents and wastes as a consequence of 
handling some reprocased metals. Other types of wastes sent to the waste pits include l,l,l- 
trichloroethane, spent barium chloride salt, methylene chloride/perchloroethylene degreaser, PCB 
waste, contaminated waste oil, caustic bases and acids, contaminated and uncontaminated scrap metal, 
construction debris, and rubble. 

In addition to uranium foundry operations, the FEMP processed small amounts of thorium from 1954 
to 1975. Since 1975, Femald has received, assayed, and stored quantities of thorium-bearing materials 
for potential use in future DOE programs. The site maintains long-term storage facilities for a variety 
of thorium materials as part of its role as the thorium repository for DOE. Thorium is also found in 
the waste pits. 

E.1.2 OPERABLE UNIT 1 BACKGROUND 
The background information presented in the following sections provides a general overview of 
Operable Unit and its existing contamination. More detailed information describing each of these 
topics is presented in the RI report. 

E.1.2.1 Descrimion of the Waste Pit Area 
As shown in Figure E.l-2, the waste pit area is located in the northwest comer of the facility. The 
specific features of Operable Unit 1 are shown in Figure E.l-4. Waste Pits 1 through 6, located west 
of the former production area, contain a variety of liquid and solid wastes that were generated by eight 
separate operations plants at the site. Waste Pits 1 through 4 and the Bum Pit are covered with earth 
and Waste Pits 5 and 6 are covered with water. The Clearwell was a settling pond, and the Bum Pit 
contains residue from bumed refuse. The following is a brief summary, based on process knowledge, 
describing each unit located within Operable Unit 1 and types of wastes received. Table E.l-1 
provides a detailed listing of wastes disposed in Operable Unit 1. A more detailed description of each 
of the units in Operable Unit 1 is included in Sections 1.0 and 3.0 of the RI Report. 
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Waste Pit 1 - 3 .  

This waste'pit is 8 Solid Waste Management (SWMU) used prirnariiy for dry, solid wastes between 
1952 and 1959. From 1958 to 1959 the waste pit was also used as a settling basin for effluent from 
Waste Pit 2. Waste material placed in this waste pit consisted primarily of neutralized slag leach filter 
cakes, depleted sump cakes, depleted MgF, slag, scrap graphite, contaminated brick, and sump liquor. 
The waste in Waste Pit 1 is approximately 18 feet deep. 

waste Pit 2 
This unit is a SWMU that operated between 1957 and 1964, and was used primarily for disposing dry, 
solid wastes. This waste pit was constructed near a small pond east of Waste Pit 1 and was lined with 
a compacted clay layer. The waste pit received primarily dry, low-level radioactive wastes consisting 
of neutralized waste filter cakes. sump cakes, depleted MgFz slag, contaminated brick, sump liquor, 
and concentrated raffinate residues. Raffinate residues were placed in Waste Pit 2 between 1958 and 
1959, during which time the waste pit functioned as a settling basin. Waste Pit 2 is 23.5 feet) deep 
and contains approximately 24,2200 cubic yards Qd3) of waste. Waste Pit 2 was covered with fill and 
graded to direct surface drainage to the Clearwell for subsequent discharge to the Great Miami River. 

waste Pit 3 
This waste pit also is a SWMU and was built for sealing solids from wet waste streams. The waste 
pit. which operated between 1959 and 1977, was a large settling basin with a concrete spillway that 
overflowed into the clay-lined Qeanvell. This was the first "wet" waste pit built for settling solids 
from wet waste streams. The waste pit was used to dispose of slag leach residue, filter cakes, flyash, 
and lime sludges. The principal waste contained in Waste Pit 3 is lime-neutralized radioactive 
raffinate concentrate. Waste Pit 3 is approximately 42 feet deep and contains an estimated 204,000 
yd3 of waste. 

waste Pit 4 
The unit served as a landfill from 1960 until 1986. Waste Pit 4 received process residues, filter cakes, 
slurries, raffinates, graphite, noncombustible trash, and asbestos. Waste Pit 4 is approximately 32 feet 
deep and contains an estimated 55,100 yd3 of waste. The waste contained in Waste Pit 4 is classified 
as "mixed waste," containing both RCRA hazardous waste and radioactive waste. Waste Pit 4 has 
undergone an interim RCRA closure, certified by the OEPA. The final closure of Waste Pit 4 is 
deferred to the CERCLA program. Interim closure activities included covering the waste pit with fill 
material (soil and rocks), installing a 6-foot compacted clay cap and covering the waste pit with a 
polyethylene liner. 

waste Pit 5 
Waste Pit 5 operated from 1968 to 1983, and is considered as a Hazardous Waste Management Unit 
0 under RCRA. The total waste volume of Waste Pit 5 is approximately 97.900 yd3 and is 
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approximately 29 feet deep. Until 1983. liquid waste slumes, including neutralized raffinate, 
neutralized slag leach residue, lime sludge, and sump sludge were pumped to Waste Pit 5 for solids to 
settle. Between 1983 and February 1987. Waste Pit 5 received only clear decant from the general 
sump, filtrate from Plant 8, or nonradioactive slumes that flowed across Waste Pit 5 to the Clearwell. 
Waste Pit 5 is water covered. 

) 

Waste Pit 6 
Waste Pit 6 was constructed in 1979 and operated until 1985. The unit covers approximately 0.3 
hectare (0.75 acre), with a maximum depth of 24 feet. The estimated total volume of waste in Waste 
Pit 6 is 9,600 yd3. The surface of Waste Pit 6 is presently covered with up to two feet of water to 
reduce the release of fugitive emissions. Fine-grained solid waste - including green salt, filter cakes, 
and process residues containing elevated levels of uranium - have been placed in Waste Pit 6. 

Clearwell 
The Clearwell, which was opened in 1959, was originally used as the final settling basin for the wet 
chemical waste pits (Waste Pits 3 and 5). The Clearwell now receives only storm water runoff from 
most of the surfaces of Waste Pit 1.2. and 3 and from the entire surface of Waste Pit 5. The 
Clearwell is lined with clay and has a surface area of approximately 2737 square meters (29,461 
square feet) and Contains approximately 3700 yd3 of waste. Stom water from the waste pit area is 
now collected and pumped to the BSL as discussed in Section 1.5.4.2 of the RI Report. 

Bum Pit 
This is another SWMU that was used to dispose of combustible items. The Bum Pit was cbnstructed 
when clay was excavated from it to line Waste Pits 1 and 2. Beginning in 1957, the Bum Pit was 
used to dispose of laboratory chemicals and to bum materials, such as uranium metal scraps, 
pyrophoric and reactive chemicals, oils, and other low-level contaminated materials. Other wastes 
bumed in the waste pit include boxes and wooden pallets, noncombustible items such as laboratory 
glassware, miscellaneous metal containers (other than drums), and graphite crucibles. The Bum Pit 
was taken out of service in 1969 and covered with clay. The Bum Pit had an approximate surface 
area of 2,019 square metexx (21,732 square feet) and contains approximately 30,300 yd3 of waste. 
Although the Bum Pit is located between Waste Pits 3 and 4, the boundaries are no longer discernible. 

D 

E.1.2.2 ODerable Unit 1 Remnse Actions 
A Baseline Risk Assessment is prepared to address a contaminated site as it exists and should reflect 
conditions resulting from completed interim actions. The Baseline Risk Assessment does not, 
however, reflect conditions expected to res@ . <-. from planned actions or actions that have not been fully 
implemented. Potential health risks ksociated with future remedial actions at the FEMP will be 
addressed as par& of the remedial alternatives evaluation in the FS of each operable unit. Therefore, 
the Baseline Risk Assessment for Operable Unit 1 reflects conditions resulting from interim actions ) 
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that have been completed as of April 1993, but not conditions that will result from planned or ongoing 
teerovai Of interim actions. 2 

Removal actions are intended to control or eliminate a release or threat of release of hazardous 
constituents before a final remedial action if there is a threat to public health and welfare or the 
environment. At the time this risk assessment was conducted, five removal actions had been 
completed within Operable Unit 1: 

Removal Action No. 2. ODerable Unit 1 Study Area Runoff Conwl 
This removal action, completed in July 1992, involved control of radioactively contaminated storm 
water runoff from Operable Unit 1 as discussed in Section 1.5.4.2 of the RI. Waste storage units 
within Operable Unit 1 that were included in this removal action were Waste Pits 1 through 6, the 
Bum Pit. and the Clearwell. 

7 

8 

9 

10 

I 1  

Removal Action No. 6. Control of Exwsed Material in Waste Pit 6 

solids were below the water cover level in Waste Pit 6. This removal action reduced particulate 
emissions to the environment. 1s 

12 

13 

14 

This removal action, completed in December 1990, involved redistributing the exposed material so all 

Removal Action No, 11. Waste Pit 5 Exuerimental Treatment Facility 
This removal action involved the dismantling of the Experimental Treatment Facility, removing 
surrounding soils to prevent any potential spread of contamination beyond the immediate area, and 

17 

18 
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20 

packaging the waste materials generated during this removal action for storage pending find 
disposition This action was completed in March 1992. 

Removal Action No. 18. Control of Exwsed Material in Waste Pit 5 ' 

This removal action, completed in December 1992, involved dredging the exposed material below the 
waterline. The completion of this removal action reduces the threat of a i h m e  particulate radioactive 
emissions from the exposed material in Waste Pit 5. 
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Removal Action No. 22. Studv Area Contaminant ImDrovement 
This removal action was performed to minimize the potential for wind and water erosion of 

completed June 30, 1993. .. 

25 

26 

contaminated materials from access roads and exposed surfaces in OUI. This removal action was n 
zs 

In addition to these removal actions, Waste Pit 4 has undergone interim RCRA closure, certified by 29 

30 the OEPA. Final closure has been deferred to the CERCLA program. Closure conditions are reflected 
in the Baseline Risk Assessment for Operable Unit 1. 
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E.1.2.3 Data Sets used in the ODerable Unit 1 Baseline Risk Assessment 

analytical efforts. Each effort was conducted by a different sampling group, but many of the sampling 
and analysis techniques employed were similar. A detailed discussion of sampling events is provided 

i 

2 

3 

4 

5 

) Contamination within Operable Unit 1 was evaluated using the resu~ts hm'three sampling and 

in Section 2.0 of the RI. 

E. 1.2.3.1 Weston (CIS) 
Roy E Weston performed a CIS of the FEMP waste storage areas in 1986 and 1987. The waste 
storage mas include what is now identified as the Operable Unit 1 Study Area. The findings of the 
CIS were published in three volumes. A geophysical survey, as documented in "Volume 1: 
Geophysical Survey", was conducted to provide information on waste concentrations and shallow 
stratigraphy as well as to locate buried steel drums and tanks. Magnetic and electromagnetic terrain 
conductivity and p u n d  penetrating radar surveys were performed in the waste storage a m  including 
Waste Pits 1, 2, 3, and 4, and the Bum Pit. "Volume 2: Chemical and Radiological Analyses of the 
Waste Storage Pits" reports the findings of analyses performed on waste pit media, as well as liquid 
and sediment from those waste pits with standing liquid caps. Chemical analyses performed included 
RCRA characteristics, P A  HSL inorganics, HSL organics with a library search for non-HSL 
constituents, indicators, and ions. The scope of radiological testing provided for on-site gamma 
spectroscopy analysis. Selected samples were then sent off site for radiochemical analysis for 
uranium, thorium, and several other radionuclides. "Volume 3: Radiological Survey of Surface Soils" 
describes the radiological characterization of the surface soils throughout the waste storage area and 
associated drainage mutes. Initially, a grid based on SO-foot spacing was set up throughout the study 
area. Surface soils were systematically surveyed with a Field Instrument for Detecting Low-Energy 
Radiation (FIDLER) and verified with a Geiger Mueller (GM) detector. A finer grid based on 6.5-foot 
spacing was used over areas with elevated readings. Soil samples collected down to 18 inches below 
ground, detected with U-238 activity concentrations greater than 35 pCi/g, were analyzed on site by 
gamma spectroscopy for various radionuclides. Of the samples analyzed on site, those with the 
highest activity concentrations were then analyzed off site for uranium, thorium, and other 
radionuclides. 

' 

E.1.2.3.2 RVFS 
Extensive sampling was performed in support of Operable Unit 1 RVFS efforts. The objectives of the 
sampliig program included: (1) characterize the nature and extent of contamination; (2) determine the 
associated risk to human health and the environment; and (3) evaluate potential remedial options. 
During sampling activities from 1987 to 1993, the following media were sampled: waste pit materials 
and associated leachates from the clay capped waste pits - Waste Pits 1.2, 3, and 4, and the Bum 
Pit; surface soils; subsurface soils; surface water and sediment; perched groundwater; and groundwater 
from the upper, middle, and lower Great Miami Aquifer. All media except the ecological media 
samples had at least three samples analyzed for full HSL parameters and various radiological 1 
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parameters. Testing of ecological samples of benthic microinverfibrates, vegetation, and fauna 
included HSL inorganics and organics but not pesticides and PCBs. Waste pit media and leachate 
were also tested for dioxins and furans, 40 CFR 264 Appendix IX parameters, and general chemistry 
parameters. Additionally, water quality parameter analyses were applied to liquid samples from waste 
pit media leachate. surface water, and groundwater. Geotechnical testing was performed on waste pit 
media and sediment. 

E.1.2.3.3 RVFS 1992 SamDling Investigation of Waste Pits 5 and 6. and the Clearwell 
In a separate sampling event under the RI/FS program, leachate and sediment from the three 
water-covered pits - Waste pits 5 and 6, and the Cleawell- were sampled. These data were 
originally intended for use for treatability purposes but were also needed to supplement CIS 
characterization data to establish the source term for each of the waste pits for fate and transport 
modeling. Samples were obtained with a crane equipped with a clamshell bucket. After excess liquid 
was decanted from the sediment, the leachate and sediment samples were shipped for analytical testing 
for those parameters listed in 40 CFR 261 Appendix VI11 and 40 CFR 264 Appendix IX. 

E.1.2.4 Nature and Extent of ODerable Unit 1 Contamination 
Environmental media - including waste material, leachate, waste pit water, surface soil, surface water 
and sediment, subsurface soil, perched groundwater, and biological resources - at the FEMP have 
been sampled to determine the nature and extent of contamination at Operable Unit 1. This section is 
a summary of the results of these analyses. A more detailed summary can be found in Section 4.0 of 
the FU. 

E. 1.2.4.1 Waste Pits 
Both radiological and chemical testing were performed on material taken from the Operable Unit 1 
waste pits. The principle radiological contaminants in waste pit materials were determined to be 
uranium, thorium, and radium isotopes. Other radionuclides such as Tc-99. Sr-90, plutonium isotopes, 
and neptunium (Np237), were found in trace amounts. Waste pit materials consistently exceeded 
background levels by one to six orders of magnitude although the variations do not follow any 
discernable patterns. Results were not only heterogenous from waste pit to waste pit and from boring 
to boring within each waste pit, but also between samples taken from different depths of the same 
boring. In general, Waste Pits 2 and 4 had noticeably higher levels of radiological contamination than 
the other waste pits. while the Bum Pit contained the least amount of radiological contaminants. 

With respect to chemical constituents within waste pit materials, all  borehole samples fell within 
established limits for RCRA characteristics of comsivity, reactivity, ignitability, and EP Toxicity. 
Several Hazardous Substances List (HSL) inorganic analytes existing in the waste materials exceeded 
background levels by more than one order of magnitude. The principal constituents include arsenic, 
barium, beryllium, boron, cadmium, chromium, copper, cyanide, lead, manganese, mercury, 
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molybdenum, nickel, selenium, sodium, and vanadium. Again, distribution trends of these constituents b axe not discernible. 

Leachate samples collected from Waste Pits 4,5, and 6 and the Clearwell contained uranium and 
technetium as the principal radionuclides. HSL inorganic results generally reported the presence of the 
same constituents as reported in the surrounding waste material in each waste pit 

Surface liquids from Waste Pits 4.5. and 6 and the Clearwell, with standing liquid covers. were also 
analyzed. Note that Waste Pit 4 was capped after the Characterization Investigation Study (CIS) 
sampling, but prior to RI/FS sampling efforts. As with the leachates, the principal radionuclides in 
surface liquids were found to be uranium and technetium. Cyanide, vanadium, and zinc were principle 
inorganics detected in surface liquids. A few organic compounds were detected in minor 
concentrations. 

E. 1.2.4.2 Surface Soils 
The results of surface soil radiological analyses indicate that uranium was the predominant 
radionuclide contaminant in the surface soils of Operable Unit 1. Although U-238 occurred above 
background conantrations at all sampled locations, no discemable trend was present. Radium-226 and 
Thorium-232 were also detected above background concentrations in a comparatively limited number 
of samples, principally in samples taken east of Waste Pits 1. 2,4, and 5 .  

Mominant  inorganic compounds detected in surface soil chemical analyses were analytes antimony, 
barium, chromium, lead, manganese, nickel, silver, vanadium, and zinc. Although volatile k d  
semivolatile organic analyses were not performed on surface soils, analyses for pesticides and PCBs 
did occur. While no pesticides were detected, a limited number of samples contained Amclor-1254 
and Aroclor-1260. 

- 

B 1 

E. 1.2.4.3 Subsurface Soils 
The subsurface soils surrounding each waste pit were assessed for radiological constituents. 
Subsurface soils were collected from the glacial overburden, the upper saturated sand and gravel, the 
lower saturated sand and gravel, and the deep sand and gravel aquifers. The principal radiological 
constituents in the subsurface soils were identified as isotopic radium, thorium, and uranium. Peak 
isotopic levels ranged from one to three orders of magnitude greater than background levels with the 
highest concentrations found in the shallow glacial overburden from zero to three feet in depth. The 
highest shallow soil concentrations of U-238 were detected in the following areas: between the 
southern portions of the Bum Pit and Waste Pit 4; north of the Bum Pit, south of Waste Pit 5;  east of 
Waste Pit 4, south of Waste Pit 6, and in the western portions of Waste Pit 5.  Two areas with notable 
concentrations greater than three feet in depth are the area between the Bum Pit and Waste Pit 5 at 
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approximately 35 feet below grade and between the southern portions of the Clearwell and Waste Pit 1 
at a depth of 15 fa% 

E.1.2.4.4 . .  Groundwater 
All of the lOo(Fsenes wells, which are relatively shallow and monitor perched groundwater in the 
glacial overbuden, had detectable levels of uranium isotopes exceeding background activity levels. 
Notable observations occurred in Well 1021 on the south margin of Waste Pit 4 and in those wells on 
the northem margin of Waste Pit 4 and northwestern margin of Waste Pit 6. A pattern of elevated 
detections of U-238 in Operable Unit 1 perched groundwater appears to be centered in the vicinity of 
the Bum Pit and surrounding most of Waste Pit 4. Thorium and radium isotope activity levels 
displayed a similar distribution to that of uranium, but were found in lower concentrations. Organic 
COIlhmUWl ' 'on in the 1ooO-series wells was limited. Well 1031, located east of the Clearwell, had 
significant contamination. 

The 2OOO-series wells monitor the upper portion of the Great Greater Miami Aquifer. The majority of 
the radiological contamination, primarily uranium isotopes, present in the 2000-series wells appears to 
be localized in the east and northeast portion of Operable Unit 1 in the vicinity of Waste Pits 4.5. and 
6, and the Bum Pit Groundwater at this depth flows west to east, and the wells located west of the 
four source areas previously mentioned contained significantly lower levels of radionuclides. 

ThiIteen inorganic constituents were detected in 2000-series well samples. These analytes include 
aluminum, arsenic, cadmium, chromium. copper, magnesium, manganese, molybdenum, nickel, silver, 
vanadium, and zinc. Wells 2019, 2027 and 2084, located in the northeast section of Operable Unit 1, 
consistently showed elevated levels of these constituents. A limited number of organic constituents 
was detected in the 2ooO-series wells. 

The 3oo(rseries wells monitor a deeper region of the Great Miami Aquifer. Elevated uranium 
cocIcenvations were detected in every 3000-series well except one, which is located upgradient to the 
waste pits. These wells also had 11 inorganic constituents detected above background concentrations 
and limited detection of organic compounds. 

E. 12.4.5 Surface Water and Sediment 
Surface water sampling at 12 locations along drainage pathways indicates that radionuclides are 
present in the storm water runoff from the Operable Unit 1 Study Area. Likewise, sediment samples 
revealed widespread uranium contamination in most of the drainage pathways within Operable Unit 1 
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E.1.2.4.6 Bioloeical Data 
Radiologicid constituents were detected at low levels in soil, agricultural crops, and garden produce 
sampled from the off-site control area and other areas in the vicinity of the FEW. In addition, 
elevated levels of arsenic, barium, mercury, and zinc were noted. 

B 

Mammals caught in the vicinity of Operable Unit 1 were free of detectable concentrations of organics. 
However, elevated levels of arsenic, fluoride, sulfate, and zinc were recorded. Fish collected in 
Paddy's Run to the west of Operable Unit 1 yielded no detections of organics or pesticides, although 
elevated concentrations of aluminum, arsenic, barium, cadmium, fluoride, mercury, sulfide, and zinc 
were found. A more comprehensive presentation of biological data is presented in the Site Wide 
Characterization Report (DOE 1993~). 

E. 1.3 FUSK ASSESSMENT GUIDANCE 

E.1.3.1 ADDlicable Guidance 
To the extent possible, this assessment follows guidance available from EPA as of July 1993. In 
accordance with the Amended Consent Agreement between EPA and DOE (1991), a methodology was 
prepared for performing risk assessments at Femald. This methodology, presented in the Risk 
Assessment Work man Addendum (DOE 1992a), was prepared to establish specific risk assessment 
methodology to be followed in a l l  RVFS risk assessments for the FEW. The Risk Assessment Work 
Plan Addendum is based primarily on the following EPA guidance and databases: B 

Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Volume 
I, Part A, Interim Final @PA 1989a) 

Exposure Factors Handbook (EPA 1990b) 

Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Volume 
I, Supplemental Guidance, Standard Default Exposure Factors, Interim Final @PA 
1991a) 

Integrated Risk Information System (IRIS) (EPA 1993a). an on-line database of 
toxicological information 

Health Effects Assessment Summary Tables (HEAST) (EPA 1992b) 

Additional EPA guidance, including supplements to the previously mentioned documents, was used 
and cited where appropriate. 

E.1.3.2 Modifications and Enhancements To Risk Assessment Work Plan 
The Baseline Risk Assessment is performed in accordance with the Risk Assessment Work Plan 

I . :  

D Addendum (DOE 1992a) with the following exceptions: r.389 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

FwylulRNxlwPl229AE.luwl-9N 24p E-1-15 



JXMP-01RI-4 DRAFT 
October 12.1993 

Constituent concentrations based on measurement data from small sample populations (less 
than seven samples) are calculated from the arithmetic mean for the log transfomed data. 

Justification: The type of distribution m o t  be confdently determined for data sets with 
small sample sizes. Normality is assumed for small sample sizes as default 
because EPA Region V has specifically requested this treatment (EPA 
1992). 

Target organ effects were not determined when evaluating exposure to systemic toxicants. 

Justification: Target organ effects and mode of action were not considered separately for 
systemic toxicants because in the current source term, hazard indices (HI) 
were low (typically less than 1) with the exception of the off-property user 
of meat and milk (HI=ll). However, for this receptor, the hazard index was 
composed of 3 toxicants (silver, zinc, and antimony) all of which had a 
hazard quotient exceeding 1. For the future source term, all receptor had a 
hazard index exceeding 1 with the exception of the Great Miami River user. 
The hazard indices for these receptors were also primarily the result of a few 
toxicants all with individual hazard quotients exceeding 1. Therefore, the 
concern for consideration of target organ effects and mode of action are not 
of concern for evaluation of potential systemic toxicity. 

Risks from ingestion of perched groundwater were calculated; however, they wefe not 
summed in the totals for the on-propeaty RME resident adult fanner and child. 

Jusrificatioa Cancer risks and hazard indices were calculated for ingestion of perched 
gmmdwater for consideration even though this aquifer would not provide 
Micient yield for a potable water source. Thexefore, totals for cancer risks 
and hazard indices for these receptors were based on the Great Miami 
Aquifer as the probable potable water source. 

Slope factors for radionuclides are taken from HEAST, Annual Fiscal Year 1992 (EPA 
1992b). 

Justification: Radionuclides are not included in the IRIS database, so the Operable Unit 1 
Baseline Risk Assessment uses the most up-to-date HEAST that w e n  
available (EPA 1993) at the time that the quantitative assessment was 
performed. 

Risks to off-property receptors for future exposure scenarios also are presented. 

Justification: Off-properly residents may be exposed to the site-related contaminants via 
air and water transport from the site. The Baseline Risk Assessment for this 
exposure scenario was specifically requested by EPA in the comment 
resolution for the Site-Wide Characterhition Report. 

In response to EPA guidance on Baseline Risk Assessments issued in February 1992 by 
Deputy Administrator F. H. Habicht (EPA 19926). an attempt was made to calculate 
descriptions of individual risk to include the "central tendency" of the risk distxibution for a 
future resident. This average exposure scenario is horn as the central tendency (cr) 
scenario throughout this report. 
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Justification: Specific guidance on the implementation and use of the CT scenario is not 
yet available from EPA's Office of Emergency and Remedial Response, so 
interim guidance from EPA Region V has been used in constructing this 
scenario and in presenting the risks to a hypothetical receptor resulting from 
the calculated average exposures. 

The methods used to calculate exposures from direct exposures to radiation, dermal contact, 
and inhalation while showering have been changed to reflect EPA guidance that became 
available after the Risk Assessment Work Plan Addendum was published These are 
presented in more detail in the section on the exposure assessment (Section E.3.0). 

Justification: DOE and EPA have agreed that the Baseline Risk Assessment will use the 
most recently recommended and approved methods, models, and parameters. 

The removal processes considered to predict concentrations in food include the effects of 
leaching in addition to the radioactive and chemical decay presented in the Risk Assessment 
Work Plan Addendum. This is presented in more detail in the section on the exposure 
assessment (Section E.3.0 of this appendix). 

Justification: During irrigation and aerial deposition, contaminants are added to the soil. 
Simultanmusly, radioactive decay, chemical degradation, and soil leaching 
deplete these contaminants. The methodology set forth in the Risk 
Assessment Work Plan Addendum effectively calculates radioactive decay 
and chemical degradation, but approximates the effect of leaching by 
calculating plant concentrations after 70 years of depositiomgation. This 
approach is appropdte for most chemical and radionuclides at the site. 
However, this approach overestimates the concentrations of very mobile 
C O n t a m l M n  ts such as Tc-99. An updated methodology, based on work 
published in National Council on Radiation Protection (NCRP) Report No. 
76 (NCRP 1984) and Commentary No. 3 (NCRP 1989) has been adopted to 
more accurately represent the physical processes at the site. 

Risks and hazard quotients ( H Q s )  are not quantiiied for chemicals for which toxicity data are 
not available. 

Justification: It is not possible to perform a quantitative risk assessment for chemicals for 
which toxicity data are not available. The large number of chemicals that 
are quantitatively assessed is adequate to provide estimates of risk for this 
operable unit. 

Since publication of the Risk Assessment Work Plan Addenduin, EPA has provided additional 
technical guidance concerning methods, models, and parameters that has been incorporated into this 
Baseline Risk Assessment to the fullest extent possible. Additional guidance documents are referenced 
where applicable. 

E.1.4 
Conceptual site models facilitate consistent and comprehensive evaluation of the risks to human health 
by creating a framework for idenhfying the paths by which human health may be impacted by 

OVERVIEW OF OPERABLE UNIT 1 CONCEPTUAL MODEL, 

B 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

22 i 

21 

23 

24 

?.5 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

0391 1 ,'. r; < 
i' 

FBRVIUlRNX.WP1229AKN041-9~ , E-1-17 



FEMP-OlRI-4 DRAPT 
October U. 1993 

rable Unit 1. The conceptual models depict the relationships between five 
elements necessary to construct a complete exposure pathway: 

Sources of potential constituents of concern 

Release mechanisms 

Transport pathways 

Exposure mechanisms and exposure routes 

Receptors 

Two conceptual site models were developed for Operable Unit 1 to provide the basis for identifying 
the potential risks to human health. One conceptual site model considers the potential risks to human 
health from the current configuration of Operable Unit 1 source terms and receptors (current 
conditions) and the second model considers potential risks from a hypothetical future configuration of 
Operable Unit 1 source terms and receptors (future conditions). Three land use configurations are also 
considered: (1) current land use with access controls; (2) current land use without access controls, and 
(3) future land use without access controls. The conceptual site models do not consider existing 
contamination in groundwater or any off-site media, which will be addressed in the Operable Unit 5 
risk assessment. Only soil, surface water. and waste pit m a t e d  from within the boundaries of 
Operable Unit 1 are considered, as are future groundwater, surface water, and sediment contamination 
that has as its source the media within the Operable Unit 1 boundaries. 

The current source term configuration used in this assessment reflects the physical state of the operable 
unit as it exists today. The current conceptual site model is based on the following assumptions: 

Waste Pits 1.2, and 3 and the Bum Pit are covered with soil 

Waste Pit 4 is covered with a RCRA cap (polyethylene over 4 feet of compacted clay) 

Waste Pits 5 and 6 and the Clearwell are completely covered with water 

0 Infiltration through the site is unaltered 
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Surface water runoff is collected by the existing drainage system, so neither contaminated 25 

26 water nor sediment leaves the Operable Unit 1 boundaries 

Vegetative covers remains unchanged n 

The effects of radiological and chemical decay of the source are assumed to be minimal 28 

30 

The future source term configuration is hypothetical. It is developed from the assumption that the 
operable unit may be used for residential and agricultural purposes. This land use development 



considers both the site’s Current configuration and the processes that. would act on it if all maintenance 
activities were discontinued.  he future conceptual site model is based on the following assumptions: 

1 

2 B 
Waste Pits 1 and 2 and the Burn Pit are covered with soil (existing caps) 3 

The polyethylene cap on Waste Pit 4 breaks down and the clay cap is exposed 4 

Waste Pits 5 and 6 are half covered with water after infiltration or evaporation and pit 
material is exposed 

5 

6 

The sediment in the Clearwell remains covered with water because of its depth and steep side 7 

The cover material over Waste Pit 3 settles into the underlying raffinte and the buried wastes 8 

9 in the pit are exposed 

Waste Pits 1 and 2 are irrigated and used to grow crops and animal feed 10 

Miitration through the site is altered by changes in the water levels of the waste pits, the 11 

12 
, degraded cover of Waste Pit 3, and the use of irrigation on Waste Pits 1 and 2 

Excess surface water runoff flows to Paddy’s Run - 
13 

Vegetative cover is consistent with local agricultural practices and ecological succession 14 

A house is p l a d  on the most stable pit (Waste Pit 4) and a well is drilled at the location 15 

producing the maximum risk 16 

The future conceptual site model is discussed in greater detail in Section E.3.0. 17 

E.1.4.1 Temuoral Considerations/Source Term Scenarios 
The Operable Unit 1 Baseline Risk Assessment addresses the effects of time when determining the 
nature and magnitude of potential human exposures to site contaminants. Over time, dynamic 
processes in the environment affect chemical mobility and behavior, as well as the bioavailability of 
con taminants to human receptors. To account for potential changes in exposure concentrations with 
time, the Operable Unit 1 Baseline Risk Assessment estimates exposure concentrations under both 
current and future source-term configurations. Over time, contaminant levels in environmental media 
on- and off-property will change as a result of chemical transport within and between various 
environmental media, and processes such as chemical partitioning, dilution, attenuation, and 
degradation. Physical conditions of the property are also assumed to degrade, leaving exposed waste. 
This hypothetical future source term configuration provides the basis for the analysis of future 
conditions. The assessment of curtent conditions addresses only existing levels of constituents of 
concern in the environmental media of Operable Unit 1, considering the current configuration of the 
source term. Current concentrations of contaminants are assumed to result from environmental 
processes operating on the property as it is today. B 
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The various exposure scenarios evaluated for the current and future s o m e  terms are described in 
detail in Section E.3.0 of this Baseline Risk Assessment. 

E.1.42 Populations of Concern 
The exposure assessment presented in Section E.3.0 describes the potential receptors and locations that 
are selected to assess current and potential future impacts on human receptors on and off site. The 
potential receptors and receptor locations are determined from a reasonable area of impact considering 
site-specific enviromental conditions; the results of site characterization, environmental monitoring, 
and contaminant fate and transport modeling, and the nature of potential exposure pathways. 
Potentially exposed human populations are identifed for each distinct land use condition including 
current and future land use and site access considerations. Subpopulations, such as young children, 
that could be exposed to increased risk as a mult of behavior or increased sensitivity also are 
identifed to address all significant potential relevant human exposure scenarios. 

Potential receptors are further characterized according to the degree of potential exposures. In 
accordance with EPA guidance, risk estimates for receptor populations are developed on the basis of 
reasonable maximum exposure (RME) conditions. RME conditions can reasonably be expected to 
occur under current and future land use scenarios, and are defined by conservative exposure 
parameters. The RME is intended to represent a conservative exposure case that is above the average 
estimated expsure level. The Operable Unit 1 Baseline Risk Assessment is based on RME 
assumptions for each potential receptor exposure scenario evaluated. 

The Baseline Risk Assessment also evaluates more typical exposure conditions by utilidng a central 
tendency analysis for a selected receptor. Both central tendency and RME exposure assumptions were 
used to estimate risks for the on-property resident adult under future land use conditions, thereby 
providing a range of estimated risks for this important receptor. 

E.1.4.3 Land Use Scenarios 
The Operable Unit 1 Baseline Risk Assessment addresses a wide range of potential exposure scenarios 

under a variety of assumptions regarding land use and site access. Currently, land use adjacent to the 
site is primarily agricultural, with dairy, beef, corn, and soy bean production. In addition, more than 
400 acres of open land at the site are being leased to a local daj, farm for livestock grazing. 
Consistent with these uses, the Operable Unit 1 Baseline Risk Assessment for the current land use 
scenaxio addresses receptors both on and off site, includbg visitors, trespassers, off-property farmers, 
and o n - p r o m  cattle grazing. 

Long-term risks to the public may be associated with the presence of hazardous substances remaining 
on the property in the future. These long-term risks are evaluated under the baseline (no-action) 
assessment, assuming that future land uses will not differ substantially fiom current uses of the 
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surrounding area and that site access and use will be unrestricted. Receptors evaluated under future 
land uses for Operable Unit 1 include the off-propeaty farmer, user of meat and milk, on-property 
resident, home builder, and a user of Great Miami River. 

In addition to land use, the presence of site access controls is also a critical factor in defining potential 
exposures to on-site contamination. At present, a security fence surrounds the entire site property, and 
a second line of fences surrounds several internal areas, including the foxmer production area and the 
waste disposal area. Access in and out of the facility is controlled at security checkpoints, and the 
fenceline is regularly patrolled. These active (security patrols) and passive (fences) access restrictions 
have proven to be effective for restricting unauthorized site access and are expected to continue for the 
foreseeable future. The Baseline Risk Assessment under the current land use assumption includes 
exposure scenarios that assume that these access controls will remain in effect. However, the 
Amended Consent Agreement also requires that the Baseline Risk Assessment for each operable unit 
estimate risks under scenarios that discount the effects of access controls. Therefore, the Baseline Risk 
Assessment under current land use conditions for Operable Unit 1 also includes risk estimates for a 
hypothetical scenario assuming that environmental restoration of the property has ceased and present 
access restrictions are discontinued. This evaluation considers only the current, unimproved condition 
of Operable Unit 1. The assessment of potential risks under future land use scenarios assumes 
unrestricted access to the site. 

0 E. 1.4.4 Exmsure Pathways 
An exposure pathway is a route by which a contaminant can move from a source to a receptor. The 
exposure assessment presented in Section E.3.0 lists the exposure pathways considered during the 
course of this Baseline Risk Assessment. Exposure pathways were considered if there were (1) a 
source or chemical release from a source; (2) an exposure point where contact can occur; and (3) an 
exposure route by which contaminants are taken into the body. 
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TABLE E.1-1 
OPERABLE UNIT 1 UNIT DESCRIPTION 

Period of Physical Physical 
unit Operation Inventory Descripion 

Waste Pit No. 1 Clay I-, silts and clays with 
Waste Capacity: 37,000 cubic meters varying grain size; solid, 
(48,500 cubic yards) facility, sump liquor, uranium semisolid and grwse+like 

materiah 

1952-1959 Brick, magnesium fluoride slag, neutralized waste filter 
cake, saap graphite, sump cakes from the production 

~~ 

Waste Pit No. 2 
Waste Capacity: 18,500 cubic meters 
(24,u)o cubic yards) 

1957-1964 Brick, magnesium fluoride slag, neutralized waste filter 
cake, suap graphite, sump cakes from production plants, 
sump liquor, r a f f i i ,  thorium, uranium 

clay liner, coarse sand; clay 
and silt-mated of semisolid 
consistency; fkagments of 
concrete up to 1" m size 

~~ 

Waste Pit No. 3 Clay liner; coarse-grained 
Waste Capacity: 156.000 cubic meters leach residues, uranium, thorium material underlain by very 
(204,100 cubic yards) soft, moist to wet, semisolid 

material; wood fragments 

1959-1977 Liquid efiluent and slurries, Lime neuaalized raffiitcs, slag 

Waste Pit No. 4 
Waste Capacity: 42,100 cubic meters 
(55,100 cubic yards) 

1960-1986 Asbestos and paint, dust collector residues, process residues, 
trailer cake, uranium, thorium, neutrabxl raffihte, uranium 
tetrafluoride, uranium trioxide, black oxide, graphite, 
concrete, flyash. pallets 9 feet 

Clay liner, silt and sand with 
layers of clay below 10 feet; 
material was saturated below 

3.- 

waste Pit 5 1968-1987 Neutralized raffinate. neutralized slag leach residue, sump Synthetic liner, standing water; 
Waste Capacity: 74,800 cubic meters 4 feet of watery material with 
(97,900 cubic yards) sand-sized grains underlain by 

25 feet of a l,l,l-trichlom 
ethane wet semisolid material 
with very little cohesion 

Synthetic liner; saturated, soft, 
coarse to fine sand and clay 

sludge. wastewater from production area ( h u g h  GS), steel 
and concrete rubble, uranium, and thorium P 

Ib * Waste Pit No. 6 
Waste Capacity: 7.340 cubic metes levels of uranium, UF,, MgF, 

Clearwell 1959- Arsenic, 'barium, mercury, aluminum, magnesium, calcium, Clay liner; Silt-Sized, semisolid 
Waste Capacity: 2,800 cubic meters 
(3,700 cubic yards) trichloroethane 

1979-1985 Asbestos, filter cake, process residues containing elevated 

(9,600 cubic yards) materials 

present cobalt, cyanide, calcium fluoride, iron. vanadium, PCBs, material and sand 

W 



TABLE E.1-1 
(Continued) 

Unit 
Period of 
Operation 

Physical 
Inventory 

Physical 
Description 

Bum Pit 1957-1W Arsenic, mercury, aluminum, magnesium, calcium, iron, Silt-sized, semisolid material; 

(30,300 cubic yards) tmdgb,i)perylene, chrysene, penatchlorophenol@), with glass, wood, and 
Waste Capacity: 23.200 cubic meters lead, silver, FCBs, benzo(b)fluoranthene, md-dzed and fill 

phenanthrene, Zmethylnaphthalene, tetrachlorethane, aluminum 
ethylbenzene, fluoranthene, phenol, xylem,  wrene; 

~~~ 

Experimental Treatment Facility 1984 Same as Waste Pit No. 5 material Under Closure 
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E.2.0 IDENTIFICATION OF CONSTITUENTS OF POTENTIAL CONCERN 

The previously described analytical sampling procedures yielded a large amount of information about 
the chemicals and radionuclides present in Operable Unit 1. The risk assessment process would be 
unmanageable without methods to summarize data and determine which constituents pose a potential 
health threat. This section describes the data used for risk assessment, how the data were evaluated, 
and how constituents of potential concern (CPCs) were determined. Section E.2.1, Data Sources, 
describes the database used for risk assessment. Section E.2.2, Data Analysis, describes the data 
validation procedure. Section E.2.3, Identification of CPCs, describes the methods used to determine 
which chemicals were important for risk assessment and the results of the CPC determination process 
for Operable Unit 1. 

E.2.1 DATA SOURCES 
Investigations producing data acceptable for risk assessment are summarized in Table E.2- 1. It is 
important to note that there are two investigative efforts for each source: the CIS and the RI/FS. A 
summary of these studies is presented in Section E.1.2.4 of this appendix. A detailed description of 
these investigations and figures showing sample locations are presented in Section 2.0 of the RI. 

In order to determine the relative magnitude that each waste source contributed to the total health risk, 
and because of heterogeneity between the different sources, Operable Unit 1 data were separated into 
discrete analytical units. These analytical units are: 

WastePit l  
waste Pit 2 
wastepit3 
WastePit4 
WastePit5 

Waste Pit 6 
BurnPit 
Clearwell 
Surface soil between the pits 

Data on background concentrations are also compared to on-site results for inorganic and radiological 
constituents. Data sources for each analytical unit within Operable Unit 1 and the background data are 
described in the following sections. 

E.2.1.1 Waste Pit 1 Contents Data Sources 
Material in Waste Pit 1 was sampled during two investigations and sent to an off-site laboratory for 
analysis. The RUFS program collected 6 samples for radiological analysis, 6 samples for analysis of 
HSL inorganic chemicals, and 1 1  samples for HSL organic chemical analysis. These samples were 
generally taken from the bottom two-thirds of the waste pit. 
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The CIS program collected 5 samples for radiological analysis and 10 samples for analysis of 
inorganic and organic HSL chemicals. These samples were generally taken from the upper two-thirds 
of the waste pit. 

E.2.1.2 Waste Pit 2 Contents Data Sources 
The W/FS program for Waste Pit 2 collected 4 samples and sent them to an off-site laboratory for 
radiological analysis. In addition, 4 samples were collected for analysis of HSL inorganic chemicals 
and 9 samples were collected for analysis of HSL organic chemicals. These samples were generally 
taken from the bottom two-thirds of the waste pits. 

The CIS program collected 5 samples and sent them off site for radiological analysis, and 5 samples 
for analysis of inorganic and organic HSL chemicals. These samples were generally taken from the 
upper two-thirds of the waste pit. 

E.2.1.3 Waste Pit 3 Contents Data Sources 
The RI/FS program for Waste Pit 3 collected 6 samples for radiological analysis. Six samples were 
also collected for analysis of inorganic HSL chemicals and 12 samples were collected for analysis of 
organic HSL chemicals. These samples were generally taken from the bottom two-thirds of the waste 
pit. 

Seven samples were collected during the CIS for radiological analyses by an off-site laboratory. Six 
samples were also analyzed for inorganic and organic HSL chemicals. These samples were generally 
taken from the upper two-thirds of the waste pit. 

E.2.1.4 Waste Pit 4 Contents Data Sources 
Two investigations were conducted on the material in Waste Pit 4. The RIFS program collected 
5 samples and sent them to an off site laboratory for radiological analysis. Five samples were 
collected for analysis of inorganic HSL chemicals, while 12 samples were collected for analysis of 
organic HSL chemicals. The RJFS samples were generally taken from the bottom two-thirds of the 
waste pit. 

Four samples were collected during the CIS program and were sent off site for radiological analysis. 
Four samples were also collected for analysis of inorganic and organic chemicals on the HSL. These 
samples were generally taken from the upper two-thirds of the waste pit. 

E.2.15 Waste Pit 5 Contents Data Sources 
Two investigations sampled material in Waste Pit 5 .  Analyses were performed by off-site laboratories. 
The W S  waste pit sampling program conducted in 1992 collected 10 samples for radiological 
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) analysis, 10 samples for analysis of inorganic HSL chemicals, and 12 samples for analysis of organic 
chemicals on the HSL. These samples were grab samples from the upper layers of submerged sludge 
at the bottom of the waste pit. 

1 

2 

3 

The CIS program collected 7 samples for radiological analysis, and 6 samples for analysis of inorganic 
and organic HSL chemicals. Some of these samples were taken from the upper portions of the 

submerged sludge at the bottom of the waste pit. 

4 

5 

6 

7 

exposed waste in the waste pit and other samples were grab samples from the upper layers of the 

Two surface water samples were also collected during the CIS. These samples were analyzed for 8 

9 radiological constituents, as well as HSL organics and inorganics. 

E.2.1.6 Waste Pit 6 Contents Data Sources 
Two investigations sampled material in Waste Pit 6. All analyses were performed by an off-site 
laboratory. The RI/FS waste pit sampling program conducted in 1992 collected 8 samples for 
radiological analysis. Twelve samples were collected for analysis of inorganic and organic HSL 
chemicals. These samples were grab samples from the upper layers of submerged sludge at the 
bottom of the waste pit. 

The CIS program collected four samples for radiological analysis, and 6 samples for analysis of 
inorganic and organic chemicals on the HSL. Some of these samples were taken from the upper 
portions of the exposed waste in the waste pit. Other samples were grab samples from theupper 
layers of the submerged sludge at the bottom of the waste pit. 

b 

Five surface water samples were also collected during the CIS and analyzed for radiological and HSL 
(organic and inorganic) constituents. 

E.2.1.7 Bum Pit Contents Data Sources 
The FU/FS program at the Bum Pit collected 3 samples and sent them to an off-site laboratory for 
radiological analysis. Three samples were collected for analyses of inorganic chemicals on the HSL, 
while five were collected for analysis of organic chemicals on the HSL. These samples were generally 
taken from the bottom two-thirds of the waste pit. 

The CIS program collected six samples and sent them off site for radiological analyses. Six samples 
were also collected for analysis of inorganic and organic chemicals on the HSL. These samples were 
generally taken from the upper two-thirds of the waste pit. 
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E.2.1.8 Clearwell Contents Data Sources 
Two investigations sampled material in the Clearwell. The RVFS waste pit sampling program 
conducted in 1992 collected six samples and sent them to an off-site lab for radiological analyses. Six 
samples were also collected for analysis of inorganic and organic chemicals on the HSL. These 
samples were grab samples from the upper layers of submerged sludge at the bottom of the waste pit. 

The CIS program collected four samples and sent them off site for radiological analyses. Three 
samples were also collected for analysis of inorganic and chemicals on the HSL. Some of these 
samples were taken from the upper portions of the exposed waste in the waste pit. Other samples 
were grab samples from the upper layers of the submerged sludge at the bottom of the waste pit. 

During the CIS, two surface water samples were collected from the Clearwell. These samples were 
analyzed for both.radiological constituents as well as HSL organics and inorganics. 

E.2.1.9 Surface Soil Data Sources- 
During the RUFS sampling program, 9 surface soil samples were collected and analyzed for 
radionuclides. Seventeen surface soil samples were collected and analyzed for inorganic and organic 
chemicals on the HSL. The location of these samples are depicted on figures provided in Section 2.0. 

The CIS sampling program collected 60 surface soil samples within the Operable Unit 1 boundaries 
and sent them to an on-site laboratory for radiological analysis by gamma spectroscopy. The list of 
analytes included U-238, Ra-226, Th-232, Ru-106, (3-137. and Sr-90. 

E.2.1.10 Backmound Sources 
Attachment E.1 of this Appendix presents a summary of background data for various environmental 
media. These data were extracted from two sources. 

In the spring of 1992, 89 background soil samples were collected at 30 locations in accordance with 
the "RCRA/CERCLA Background Soil Characterization Study" (DOE 1993a). These samples were 
analyzed for 17 radionuclides and 27 nonradioactive metals, and the results were evaluated and 
validated. This report was the primary source on background conditions in the soil. 

During the past five years, the environmental monitoring programs at the FEW have collected data on 
the background concentrations of a variety of constituents in groundwater and surface water. The data 
from these programs has been assembled and presented in "Characterization of Background Water 
Quality for Streams and Groundwater" (DOE 1993). This repon was the primary source on 
background conditions in groundwater and surface water near the FEW. 
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D E.22 DATA ANALYSIS 1 

This section describes how data were analyzed prior to determination of CPCs for each analytical unit. 
First, the data validation process is discussed. Then the method yielding the final concentration term 
for each constituent in each of the waste sources is described. These final concentration terms will be 

used for risk assessment, CPC determination. and fate and transport modeling described in Section 5.0 
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of the RI. 6 

E.2.2.1 Data Validation 
Specific parameters associated with the data were reviewed to determine whether they met the 
stipulated data quality objectives. The quality objectives addressed five principal parameters: 
precision, accuracy, completeness, comparability, and representativeness. To verify that these 
objectives we= met, field measurements, sampling and handling procedures, laboratory analysis and 
reporting, and nonwnfomances and discrepancies in the data were examined to determine compliance 
with appropriate and applicable procedures. The procedures and criteria for validation are defined in 
the RVFS Data Validation Program Guidelines, which are based on the EPA National Functional 
Guidelines for Data Review (EPA 1988a, EPA 1988b. EPA 1991f. EPA 1991g. and EPA 1991h). 

The validation process for the FEhP RVFs was divided into two phases. 
field data to verify the completeness and accuracy and representativeness of field sampling. The key 

The first phase evaluated 16 

17 B field data reviewed in the validation process were: 18 

Field Activity Daily Logs 
Sample Collection Logs 
Specific field forms for sample collection and handling 
Chain of Custody, Request for Analysis 
Field instrument calibrations 
Field personnel training 
Variances and surveillances of field activities 

19 

20 

21 

22 

23 

24 

25 

The second phase dealt with analytical chemical and radiological validation. The key analytical data 
reviewed in the validation process were: 

26 
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Organic chemicals 
Holding times 
Gas Chromatography/Mass Spectroscopy (GCWS) tune 
Initial and continuing GCMS calibration 
Sumgate recoveries 
Matrix spike, matrix spike duplicates 
Blank evaluation using the 5X/10X rule 
Internalstandards 
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Inorganic chemicals 
Holding times 
Inductively Coupled Plasma/Graphite Furnace Atomic Analysis instrument performance 
checks 
Initial and continuing calibrations 
Blankevaluations - 
shippingreports 
Holdingtimes 
Duplicate precision 
Laboratory control samples 
Blanks 
Detectionlimits 

9 Matrixspikes 
Uranium isotopic ratios 

The culmination of the validation process was the assignment of the qualifier flag for each analytical 
result, reflecting the level of confidence assigned to that datum. All of the measured contaminant 
concentration data obtained in the RIPS sampling program for Operable Unit 1 have been validated 
and have been through a peer review process. Data which did not adequately meet the criteria 
addressed during data validation were flagged with an "R" qualifier. These data were not used in the 
quantitative baseline risk assessment process according to EPA guidance (EPA 1989a). Section 2.13 
of the Operable Unit 1 RI report provides additional information on data qualifiers. 

E.2.2.2 Concenmtion Term 
The statistical method used to determine a representative concentration for each constituent is 
discussed in this section. The rationale used to develop this methodology and the statistical techniques 
are based on the following sources: 

"Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Volume 
I, Part A. Interim Final" (EPA 1989a) 

"Statistical Methods for Evaluating the Attainment of Cleanup Standards, Volume 1 and 
Volume 3 (Draft)" (EPA 1989c, 1990a) 

"Statistical Methods for Environmental Pollution Monitoring" (Gilbert 1987) 

"Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities, Interim Final 
Guidance" (EPA 1989d) 

EPA comments @ecember 1991 and March 1992) on the statistical methods used in the 
October 1991 Draft "Risk Assessment Work Plan Addendum" (Saric 1991 and 1992). 
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D As mentioned previously, two of the generations of characterization studies were fully validatable for 
risk assessment purposes: the RUFS and the CIS data sets. The RI/FS database consisted of results 
fmm both the 1991 R4FS Treatability Study conducted by AS1 and the 1992 FU/FS Supplemental 
Study, consisting of inorganic and radiological analysis of Waste Pits 5 , 6 ,  and the Clearwell as 
performed by WEMCO. This merged data set will be referred to as the RIPS data set for the 
purposes of this discussion. The merged RI/FS data set and the CIS data set are analyzed separately, 
and both were considered when determining the final representative concentration for a constituent. 

E.2.2.2.1 Determination of UCLMax for Each Data Set 
Analysis is performed on both data sets before combination. Most sample sizes are too small to assess 
the distribution of site data, so a normal distribution was assumed. If the analyte is detected within the 
sample population at least four times, the upper 95 percent confidence limit of the mean concentration 
(UCL) is calculated using one-half of the sample quantitation limit (SQL) to represent any nondetects. 

Calculation of the UCL was performed using Paradox" by Borland. Because all sample populations 
.are either closest to normally distributed or assumed to be normally distributed because of small 
sample size, the following formula is used: 

where - 
X = arithmetic average value for the sample set 
t 
s = standard deviation 
n = number of samples 

= two-sided t distribution factor, based on n-1 degrees of freedom 
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For each data set, a data set concentration term (UCLiMax) is determined by selecting the smaller of 
the UCL and the maximum detected value (MDV). If a constituent is not detected in the sample 
population at least four times, the maximum detected value is used as the UCLMax. If a constituent 
is not detected within a data set. it is eliminated from further statistical analysis. 

E.2.2.2.2 Determination of Final Concentration Term 
The final concentration term is determined by selecting the larger of the UCL/Max values from the 
two data sets. The final concentration term was used for modeling, risk assessment, and CPC 
screening. B 
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E.2.3 IDENTIFICATION OF CONSllTUENTS OF POTENTIAL CONCERN (CPCS) 
1 4  

CPCs are selected based on the likelihood that they are anthropogenic, site-related, and their ability to 
produce carcinogenic or toxic effects. This section presents the systematic selection process used to 
compare constituent concentrations to background levels, and to assess the effectiveness of the 
constituent in inducing adverse health effects. 

2 

3 

4 

5 

E.2.3.1 Methodologv 
CPCs are determined using a two step procedure. The first is comparison to background levels 
(applicable to inorganic and radionuclide constituents only). Then, toxicological screening is 
performed. These steps are described separately below. 

E.2.3.1.1 CornDanson to Backmund 
Measured on-property concentrations of each inorganic radionuclide are examined to determine if the 
constituent reflects natural background levels in native soil. The general approach taken is to compare 
the population of measured concentxations of a constituent in a discrete data set to a population of 
background concentrations in the same medium. For example, lead in the first six inches of Operable 
Unit 1 surface soil is compared to lead levels in the first six inches of soil taken at selected 
background sampling stations to determine if the lead levels detected in soil exceed background. 

Statistical pmcedures are employed to compare the concentrations of CPCs for various media 
associated with each waste pit. In most cases, the small sample population for each constituent in 
each analytical unit makes proper assessment of data distribution impossible. Therefore, the use of 
Student's t-Test is not systematically employed. The Mann-Whimey U Test is used to compare site- 
related data with background data to determine if the two data sets are from different distributions. 
The Mann-Whimey procedure ranks the concentrations in the two subject data sets by their 
magnitudes. The theory behind the distribution independent Mann-Whimey procedure is that if the 
two data sets are from the same distribution (Le., the site data is the same as background), then the 
ranked concentrations would be evenly distributed between the sets. If the ranked concentrations of 
the two data sets are not evenly distributed, the two data sets may be from two different distributions 
(and are therefore not comparable). 

SYSTAT @-based software is employed to calculate the probabilities that any observed difference in 
the data ranking may be attributable to random chance. The Mann-Whimey U statistic is directly 
correlated to the Wilcoxon Rank Sum procedure yielding identical probability values. A small 
probability indicates there is sufficient evidence to conclude that the site-related and background data 
sets are not drawn from the same population. A probability level of 5 percent is employed as a 
decision point. Constituents with marginal probability levels (5 percent - 20 percent) are subject to 
further review by statisticians and risk assessment scientisp 
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47 
Toxicological screening of CPCs was performed to quickly exclude constituents that would not affect 
human health risk. The following process was used: 

Contaminant concentration source terms, frequency of detection, persistence, and 
distribution among media w e e  evaluated. If a contaminant was identified in one 
medium but not found in any other media or was found at unusually high (unrealistic) 
concentrations, elimination was considered unless additional evaluation requires it be 
included as a CPC. 

Essential micronutrients and macronutrients that were non-toxic at the levels identified 
(e.g., Na, K, Mg, Ca, Fe, Zn, Mg, Se, etc.) were deleted. 

Nonspecific classes of chemical compounds (e.g., total organic carbon, [TOC], total 
petroleum hydrocarbons [TPH], polynuclear aromatic hydrocarbons [PAHs], chlorinated 
hydrocarbons [CHs], etc.) were removed. 

Compounds known to be derived from off-site sources (e.g., off-site factory discharges, 
auto exhausts, various herbicides, insecticides, etc.) were deleted unless their 
contribution to site risk is significant (e.g., 2, 3, 7, 8-TCDD). 

Compounds that were ubiquitous in nature and considered to be nontoxic (e.g., Al, Si, 
Cl) were removed. Concentrations of inorganics were compared with background levels 
to determine whether they were present on site at elevated concentrations. 

Volatile compounds with vapor pressures less than 10 mm Hg at 20 degrees Celsius 
were eliminated because exposure is minimal. 

Compounds known to degrade to non-toxic products due to physical, biological, 
chemical activities (e.g., photolysis, biodegradation, pump. and treat, etc.) or that may 
have been produced by chemical synthesis during analysis (Aldol-condensation) were 
removed if no other requirements for inclusion exist. 

Compounds whose potential for toxicity was low (>5g/kg body weight) and whose point 
source concentrations was less than 1 ppm may be deleted. 

The list of contaminants (remaining and removed) was compared with the values in the 
P A  Region III screening document. 

The list of chemicals removed was reviewed to identify those whose toxic effects were 
exerted upon a common target organ, or have synergistic or additive effects. Toxicity, 
concentration, and any additive/synergistic effects due to concomitant exposure were 
examined, as well as structure-activity relationships or other chemical similarities. The 
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possible conaibution to site risk was assessed to determine whether a compound should 
be returned to the CPC list. 

Class A/B carcinogens are included as CPCs. 

Scientific rationale and/or documentation to support the decision to remove contaminants is given in 
Appendix E.II. 

E.2.3.2 Results of Selecting CPCs 

E.2.3.2.1 Surface Soil 
Tables E.2-2 and E.2-3 list the CPCs for radionuclides and chemicals, respectively. These tables 
contain only those constituents which have been selected for quantitative evaluation in this assessment. 
A complete list of analytes and the rationale for their exclusion is presented in Attachment E.11 of this 
Appendix. 

E.2.3.2.2 Waste Pit 1 
The B C s  for waste pit material in Waste Pit 1 are contained in Tables E.2-4 (radionuclides) and E.2- 
5 (chemicals). Only those constituents that have been selected for quantitative evaluation in this 
assessment are included. A complete list of analytes and the rationale for their exclusion is presented 
in Attachment E.II of this Appendix. 

E.2.3.2.3 Waste Pit 2 
Tables E.2-6 and E.2-7 present the radionuclide and chemical CPCs for Waste Pit 2. These tables 
contain only those constituents that are evaluated quantitatively in the risk assessment. Attachment 
E.II of this Appendix contains a wmplete list of analytes and the rationale for their exclusion. 

E.2.3.2.4 Waste Pit 3 
Tables E.2-8 and E.2-9 present the CPCs in Waste Pit 3 for radionuclides and chemicals, respectively. 
These tables contain only those constituents which have been selected for quantitative evaluation in 
this assessment, The complete list of analytes and the rationale for their exclusion is presented in 
Attachment E.II of this Appendix. 

E.2.3.2.5 Waste Pit 4 
Tables E.2-10 and E.2-11 present the radionuclide and chemical CPCs, respectively for Waste Pit 4. 
Only those constituents selected for quantitative evaluation are included. Attachment E.11 of this 
Appendix contains a complete list of analytes and the rationale for their exclusion. 
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- 
Tables E.2-12 and E.2-13 present the CPCs in Waste Pit 5 for radionuclides and chemicals, 
respectively. The CPCs in Waste Pit 5 standing water are contained in Tables E.2-14 (radionuclides) 
and E.2-15 (chemicals). These tables contain only those constituents that are quantitatively evaluated 
in this assessment A complete list of analytes and the rationale for their exclusion is presented in 
Attachment E.II of this Appendix. 

E.2.3.2.7 Waste Pit 6 
Tables E.2-16 through E.2-19 contain the CPCs for Waste Pit 6 sludge and standing water. These 
tables contain only those constituents which have been selected for quantitative evaluation in this 
assessment. A complete list of analytes and the rationale for their exclusion is contained in 
Attachment E.II of this Appendix. 

E.2.3.2.8 Bum Pit 
Tables E.2-20 and E.2-21 list the CPCs in Waste Pit 4 for radionuclides and chemicals, respectively. 
These tables contain only those constituents which have been selected for quantitative evaluation in 
this assessment. A complete list of analytes and the rationale for their exclusion is presented in 
Attachment E.II of this Appendix. 

B E.2.3.2.9 Clearwen 
Tables E.2-22 through E.2-25 contain the radiological and chemical CPCs for the Clearwell sludge and 
standing water. Only those constituents that are quantitatively evaluated in this assessmenrare 
included. Attachment E.II of this Appendix contains a complete list of analytes and the rationale for 
their exclusion. 
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TABLE E2-1 

DATA USED M)R THE OPERABLE UNIT 1 
RISK ASSESSMENT 4 

Data 

source Medium Radiological chemical Justification 

Pit 1 Waste Weston CIS Sorings 

ASI/lT RUFS Sorings 

Weston CIS Borings 

ASW RUFS Sorings 

Validated Data Available 

Validated Data Available 

Pit 2 WaSte Weston CIS Borings 

ASI/lT RUFS Boring 

Weston CIS Sorings 

A S W  RVFS Borings 

Validated Data Available 

Validated Data Available 

Pit 3 WaSte Weston CIS Borings 

ASW RUFS Sorings 

Weston CIS Borings 

ASI/lT RUFS Borings 

Validated Data Available 

Validated Data Available 

Pit 4 Weston CIS Borings 

ASI/lT RUFS Sorings 

Weston CIS Borings 

A S W  RUFS Borings 

Validated Data Available 

Validated Data Available 

WaSte 

D Pit5 WaSte 

standing water 

WaSte 

standing water 

Bum Pit WaSte 

weston CIS Grab Samples 

WEMCO RIPS Grab Samples 

weston CIS Grab Samples 

weston CIS Grab Samples 

WEMCO RI/FS Grab Samples 

weston CIS Grab Samples 

Validated Data Available 

Validated Data Available 

V a l i d a d  Data Available 

Pit 6 weston CIS Grab Samples 

WEMCO RUFS Gfab Samples 

weston CIS Grab Samples 

weston CIS Grab Samples 

WEMCO RUFS Grab Samples 

Weston CIS Grab Samples 

Validated Data Available 

Validated Data Available 

Validated Data Available 

Weston CIS Sorings 

ASI/lT RUFS Borings 

Weston CIS Borings 

A S W  RUFS Borings 

Validated Data Available 

Validated Data Available 

Cleamell WaSte weston CIS Grab Samples 

WEMCO W S  Grab Samples 

weston C I S  Grab Samples 

weston CIS Grab Samples 

W S  Grab Samples 

Weston CIS Grab Samples 

WEMCO RUFS Grab Samples 

weston CIS Grab Samples 

RUFS Grab Samples 

RUFS Grab Samples 

Validated Data Available 

Validated Data Available 

Validated Data Available 

Validated Data Available 

Validated Data Available 

smding wata 
surfecesoil soil 

D 
0 4 1 3. 



TABLE E3-2 

RADIOLOGICAL CPCs IN SURFACE SOIL (pCVg) 

Cesium- 137 

N ~ ~ u I I - 2 3 7  

Plutonium-238 

Pl~tonium-239/240 

Radium-226 

Radium-228 

SIIOntiUm-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

uranium-234 

uranium-235 

Uranium-238 

3 1/60 

1/60 

11/60 

lo/@ 

3/60 

1 8/60 

50160 

59/60 

48/60 

60160 

60160 

60160 

6.00 

0500 

4.10 

0.800 

1.70 

93.0 

48.0 

972 

38.0 

298 

51.0 

1500 

1 .oo 
0.100 

0.400 

0.100 

0.400 

8.70 

5.50 

74.9 

4.30 

60.1 

6.80 

245 

1 .00 

0.500 

0.400 

0.100 

1.70 

8.70 

5.50 

14.9 

4.30 

60.1 

6.80 

245 

on 
on 
on 
on 
5 n  

5n 

in 

in 
7n  

7n  

7 n  

in 

in 

2n 

m 
ND 
ND 
ND 
1.20 

1.80 

0.600 

0.900 

2.20 

6.10 

1.30 

5.30 

0.800 

16.1 

CIS DATA RI/FS DATA -2 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMETER FREQ DEI' (95%) CONCENTRATION FREQ DET (95%) CONCENTIWTION CONC 

1 .OO 

1.20 

0.400 

0.600 

1.60 

3.90 

1.10 

4.20 

0.50 

11.5 

1 .oo 
1.20 

0.600 

0.901) 

1.60 

3.90 

1.10 

4.20 

0.800 

11.5 

0.100 

1.m 4i 
1.20 

1.70 

8.70 

5.50 

74.9 

4.30 

60. Ii 

6.80 

245 

'ND - Not detected. 



TABLE E3-3 

CHEMICAL CPCs IN SURFACE SOIL 

CIS DATA RllFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMETER FREQ DET (95%) CONCENTRATION FREQ DEI' (95%) CONCENTRATION CONCENTRATION 

OrgPnh 

Aroclor- 1254 

I n o w a h  (mglRg) 

Antimony 

Arsenic 

BariUm 

Beryllium 

CedmiUm 

chromium 

cobalt 

copper 

Lead 

Manganese 

Molybdenum 

Nickel 

silver 

UraniUm 

Vwadium 

zinc 

TR-FEWDUI RVDF.WP1229AE.2-3R-21-9W47~n 

3/16 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

15/16 

16/16 

16/16 

515 

16/16 

16/16 

1400 

325 

6.40 

92.3 

1 .00 

7.70 

18.8 

17.0 

20. I 

34.3 

759 

5.70 

50.2 

10.3 

62.0 

26.9 

79.9 

3 10 

27.2 

4.90 

56.9 

0.800 

5.80 

14.3 

10.4 

17.0 

15.9 

574 

430 

29.4 

8.90 

52.2 

19.6 

46.7 

1400 

27.2 

4.90 

56.9 

0.800 

5.80 

14.3 

10.4 

17.0 

15.9 

514 

430 

29.4 

8.90 

52.2 

19.6 

46.7 

1400 

27.2 

4.90 

56.9 

0.800 

5.80 

14.3 

10.4 

17.0 

15.9 

574 

4.30 

29.4 

8.90 

52.2 

19.6 

46.7 & 
cd 

. :,; 



TABLE E3-4 

RADIOLOGICAL CPCS IN WASTE PIT 1 - SOLID CONTENTS (PCUg) 
I I  

CIS DATA RUFS DATA 

MAX REPRESENTATIVE MAX REPRESENTATIVE CFC 
PARAMETER FREQ D W  UCL CONCENTRATION FREQ DE" UCL CONCENTRATION CONCENTRATION 

Cesium-137 

Redium-226 

Radium-228 

. strontium-90 

TeChnetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

M uranium-234 

uranium-235 + 
w 
VI 

Uranium-238 

a 
& 'ND-Notdetected 

.L I--L 

cn 

1lS 1.10 0.800 1.10 

ND 

15.0 9.70 15.0 

52.0 37.8 37.8 

3600 2800 2800 

55.0 39.8 39.8 

1180 902 902 

151 108 108 

6980 4660 4660 

016 ND' 
516 99.6 

516 41.0 

516 7.69 

116 1.10 

1 I4 131 

314 5460 

114 131 

414 830 

5/5 259 

5/5 16200 

86.7 86.7 

35.1 35.1 

4.70 4.70 

0.800 1.10 

433 131 

6660 5460 

246 131 

7% 7% 

179 179 

10400 10400 

1.10 

86.7 

35.1 

4.70 

15.0 

131 

5Uio 

131 

902 

179 

10400 

I 



CHEMICAL CPCs If 

TABLE E3-5 

WASTE PIT 1 - SOLID CONTENTS 

PARAMETER 

~~ 

CIS DATA RVFS DATA 

MAX REPRESENTATIVE MAX UCL REPRESENTATIVE Cpc 
FREQ DET UCL CONCENTRATION FREQ DET CONCENTRATION CONCENTRATION 

p?Heptachlorodibenzo-p-dioxin 

LeHeptacttIorodibenzofuran 
r 
Jkxachlorodibenzo-pdioxin 

Hexachlorodibenzohm 

Octachlorodibenm-pdioxin 

Octachlorodibenzofuren 

Pen tach loxmi iWh 

Tetrachlorodibenzduran 

4.4-DDT 

Aroclor- 1221 

I 

116 1600 934 1600 

516 

516 

316 

416 

316 

316 

516 

316 

416 

516 

516 

516 

516 

416 

516 

316 

516 

616 

015 

1IS 

1.20 

1.20 

0.830 

0.770 

0.290 

0.530 

1.20 

0.410 

1.20 

14.0 

2.30 

2.70 

4.90 

2.90 

0.74 

0.760 

7.90 

35.0 

ND' 

4600 

0.770 

0.800 

0.660 

0.520 

0.230 

0.340 

0.730 

03m 

0.750 

7.64 

1.45 

1.75 

3.21 

2.26 

0.540 

0.460 

4.69 

20.7 

4120 

0.770 

0.800 

0.830 

0.520 

0.290 

0.530 

0.730 

0.410 

0.750 

7.64 

1.45 

1.75 

3.21 

2.26 

0.540 

0.760 

4.69 

20.7 

4120 

0.770 

0.800 

0.830 

0.520 

0.290 

0.530 

0.730 

0.410 

0.750 

7.64 

1.45 

1.75 

3.21 

2.26 

0.540 -, 

0.760 

4.69 

20.7 

1600 

4600 



TABLE E34 

(Continued) 

CIS DATA RyFS DATA 

MAX REPRESENTATIVE MAX UCL REPRESENTATIVE C p c  
PARAMETER FREQ DET UCL CONCENTRATION FREQ DET CONCENTRATION CONCENTRATI~N 

1 

, Aroclor-1248 

1 Aroch-1254 

’ Aroclol-1260 

. Benzo(a)anthracene 

Benzo(a)pyrene 

a: 

.4 
.c ? 

Benzo(b)flumthene 

Benzo(k)fluoranthene 

Chryme 

Dichldiflummethanc 

Fluoranthene 

Phenwkene 

Teeachloraethene 

Tributyl phosphate 

Inownlcs 

116 

616 

2/6 

316 

1 16 

516 

1 16 

516 

616 

616 

1/5 

3500 

11500 

7800 

180 

140 

330 

140 

540 

430 

2400 

120 

2540 

9980 

6110 

245 

257 

307 

257 

45 1 

340 

1880 

120 

3500 

9978 

7800 

180 

140 

307 

140 

45 1 

340 

1880 

im 

116 0.400 0.963 0.400 

616 15.0 11.3 11.3 

616 395 374 374 

516 2.20 1.81 1.81 

516 5.00 332 332 

616 46.0 30.1 30.1 

516 

5/5 

On 
OB 

Of7 

OB 

OB 

OB 

1/2 

2/8 

5B 

619 

3 8  

616 

516 

616 

616 

4n  

616 

616 

loo00 

loo00 

ND 
ND 

ND 
ND 
ND 
ND 

29600 

lo00 

2100 

650 

W X K )  

125 

1.70 

439 

125 

1650 

18.5 

347 

7070 

9250 

107900 

532 

1140 

252 

32600 

88.9 

1.70 

405 

8.21 

1220 

16.2 

226 

7070 

9250 

29600 

lo00 

1140 

252 

m 

88.9 

1.70 

405 

8.21 

1220 

16.2 

226 

@Q 
180 e 7800 Go 
140 

307 

140 

45 1 

29600 

lo00 

1880 

252 

25OOo 

88.9 

11.3 

405 

8.21 

1220 



TABLE Ea-5 

(Continued) 

PARAMEI'ER 

CIS DATA RVFS DATA 

MAX REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
FREQ DEI' UCL CONCENTRATION FREQ DEI' CONCENTRATION CONCENTRATION 

cobalt 

copper 

cymide 

Lead 

MEllgllllCSC 

M-lv 
Molybdenum 

Nickel 

silver 

Thallium 

Uranium 

0 vwadium 
&A' 
p zinc 
,a 

'ND - Not detected 

316 

116 

O/a 

116 

616 

1 I6 

616 

416 

1 I6 

616 

416 

28.0 

20.0 

ND 

17.0 

2910 

0.300 

65.0 

33.0 

0.300 

67.0 

58.0 

16.7 

47.2 

28.7 

2130 

0.182 

41.8 

17.8 

0.220 

48.3 

36.7 

28.0 

20.0 

17.0 

2130 

0300 

41.8 

17.8 

0.300 

48.3 

36.7 

616 

616 

316 

515 

616 

016 

616 

616 

616 

116 

616 

616 

616 

46.8 

113 

0.730 

53.4 

3720 

ND 

327 

57.4 

189 

0.460 

48500 

142 

24.9 

33.8 

80.0 

0.450 

36.6 

2037 

25.7 

47.1 

122 

0.350 

35000 

95.7 

19.31 

33.8 

80.0 

0.730 

36.6 

2037 

25.7 

47.1 

122 

0.460 

35000 

95.7 

19.31 

33.8 

80.0 

0.730 

36.6 

2030 

0300 

25.7 

47.1 

I22 

0.460 

35000 

95.7 

36.7 



TABLE E.2-6 

RADIOLOGICAL CPCS IN WASTE PIT 2 - SOLID CONTENTS @CVg) 

CIS DATA W S  DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE Cpc 
PARAMETER PREQ DIT (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

Cesium-137 

Plutonium-238 

Pl~lonilrm-239/240 

Radium-226 

Radium-228 

Ruthenim-106 

S ~ ~ n t i ~ m - 9 0  

TeChnetiUm-99 

Thorium-228 

Thorium-230 

Thorium-232 

uranium-234 

uranium-235 

Uranium-238 

'ND - Not detected 

06 

O# 

3/5 

SI5 

5E 

5E 

5/5 

5/5 

515 

ND 

ND 
618 390 

164 121 

3980 2990 

88.0 69.5 

18200 11500 

8780 5520 

1 7900 11900 

m 3.60 250 3.60 2/4 

m 0.100 0.100 0.100 014 

m 0.600 0.400 0.600 014 

414 

414 

u 4  

314 

1 I4 

2r2 

242 

1/L 

2r2 

2r2 

2r2 

618 

121 

2990 

69.5 

11500 

5520 

11900 

0500 

IW 
ND 

95 1 

437 

4.70 

3 .as 
1.64 

697 

18400 

268 

1651 

130 

1860 

0.700 0500 

850 

382 

6.00 

4.40 

1.40 

912 

60300 

528 

5370 

426 

6064 

850 

382 

4.70 

3.99 

1.64 

697 

18400 

268 

1651 

130 

1860 

3.60 

0.100 fs 
0.600 4 

a9 a 850 

382 

4.70 

3 99 

618 

697 

18400 

268 

11500 

5520 

11900 



TABLE E.2-7 

CHEMICAL CPCS IN WASTE PIT 2 - SOLID CONTENTS 

PARAMETER 

CIS DATA Rvps DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
FREQ DET (95%) CONCENTRATION PREQ DET (95%) CONCENTUTION CONCENTRATION 

Orgad- ( P e w  

I .2.3.4.6.7,8-Heptachlorodibmzofuran 

1.2,3.4.6.7.8-Heptachlor~~z~p- 
dioxin 

1.2.3.4.7.8-Hexachlorodibenzofuran 

Hcptnchlorodibenzofuran 

Heptaclilorodibenzop~dioxin 

Hcxnchlorodibenzofurnn 

Hexnchlomdibenzo-p-dioxin 

Octachlorodibenzofurnn 

Octachloradibenzo-p-dioxin 

Pentachlorodibenzofuran 

2-Mcth ylnaphthalene 

4-Nitroaniline 

4-Nitrophenol 

4.4'-DDT 

Accnaphthcne 

Accnnphth ylcne 

Anthracene 

Aroclor- 1248 

Aroclor-1254 

Benzene 

Benzo( a)anthracene 

7000 

4900 

ND 

1400 

1200 

43000 

12oooo 

321 

323 

ND 

13oooO 

4500 

42 10 

1040 

876 

27 100 

75600 

1750 

3360 

82000 

7000 

4900 

1400 

1200 

43000 

75600 

32 1 

323 

82000 

114 

214 

114 

314 

314 

214 

114 

314 

314 

114 

3t7 

ot7 
1t7 

3/7 

1t7 

3t7 

214 

014 

111 1 

3n 

1 .00 

3.80 

0.260 

5.90 

8.10 

2.70 

0.320 

4.90 

45.9 

0.550 

7800 

ND' 

190 

31000 

110 

56OOO 

4900 

ND 
4.00 

1OOOOO 

0.866 

3.30 

0.256 

5.12 

7.05 

2.28 

0.367 

4.30 

40.3 

0.48 1 

4980 

6150 

zoo00 

1280 

30800 

4320 

8.90 

62200 

1 .00 

3.80 

0.260 

5.90 

8.10 

2.70 

0.320 

4.90 

45.9 

0.550 

7800 

190 

31000 

110 

56OOO 

4900 

4.00 

1OOOOO 

1 .oo 
3.80 

0.260 

5.90 

8.10 

2.70 

0.320 

4.90 

45.9 

0.550 

7800 

4900 

190 

1400 

3 1000 

43000 

75600 

4900 

323 

4.00 

1OOOOO 



TABLE E.2-7 
(Continued) 

PARAMElER 

CIS DATA Rvps DATA 

MAX UCL REPRESWATIVE MAX UCL REPRESENTATIVE CPC 
FREQ DET (95%) CONCENTRATION FREQ DET (95%) - CONCENTRATION CONCENTRATION 

Benzo(n)pyme 

Bcnzo(b)fluoranthene 

Benzo(g.h.i)perylene 

Benzo(k)fluoranthene 

Chrysene 

Dibenrofumn 

Dibenzo(a.h)nnthrncene 

Fhornnthene 

Fluorene 

Indene( 1.2.3cd)pyrcne 

Naphthalene 

Pentachlorophenol 

Phenanthrene 

Pyrcne 

Tetrnchloroethene 

Tributyl phosphnle 

Vinyl chloride 

Inorganics (mglkg) 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

TR+BwoU I RvDp.WPI 229Ae2-7P-2 1-9311 2 4 S p  

415 

515 

315 

415 

516 

315 

u5 
515 

315 

315 

315 

015 

414 

515 

014 

1 I4 

215 

515 

515 

515 

1 2 m  75700 

loo00 7410 

42000 26500 

75000 47300 

13oooO 65900 

36000 22700 

16000 10200 

490000 309000 

62000 39100 

46000 29100 

16000 10300 

ND 
18000 15200 

25oo00 158000 

ND 

670 622 

1.20 0.995 

10.0 7.5 I 

208 174 

8.90 6.40 

75700 

7410 

42000 

47300 

65900 

36000 

16000 

309000 

62000 

46000 

16000 

15200 

158000 

670 

1.20 

7.5 I 

174 

6.40 

3f l  

3f l  

3fl  

3f l  

2 n  

3f l  

3f l  

St7 

3 n  

3f l  

3 P  

M 
5fl  

s f l  

111 1 

414 

611 1 

414 

414 

414 

414 

414 
I 

68000 

13oooO 

42000 

44000 

86000 

2 1000 

2oooo 

28oooo 

37000 

37000 

23000 

1600 

28oooO 

23oooO 

45.0 

39000 

1900 

55.4 

423 

1920 

26.9 

238 

43700 

55600 

27300 

25600 

46200 

13700 

1 1000 

158000 

23200 

23500 

14300 

5530 

156000 

13u)o 

17.0 

41700 

724 

58.8 

380 

1960 

26.8 

248 

68OOo 

13oooO 

42000 

44OOo 

86000 

21000 

2oooo 

158000 

37000 

37000 

23000 

1600 

156OOO 

13uKw) 

45.0 

39000 

724 

55.4 

380 

1920 

26.8 

238 

75700 

13oooO 

42000 

47300 

86ooo 

36000 

2oooo 

309000 

62000 

46OOo 

23000 

1600 

156OOO 

158000 

45.0 

39Ooo 

724 

55.4 

380 

1920 

26.8 

238 



TABLE E.2-7 
(Continued) 

CIS DATA RIPS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMETER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

Cndmiuni 

Chromium 

Cobnlt 

Copper 

Cyonide 

Lend 

. Manganese 

Mercury 

.. Molybdenum 

Nickel 

Selenium 
F 
,& 
&, Silver 

'ND - Not detected 

515 

515 

SI5 

515 

015 

515 

515 

415 

515 

315 

315 

015 

515 

515 

9.60 

91.0 

45 1 

329 

ND 
190 

917 

0.700 

609 

10.0 

23.0 

ND 
106 

3250 

7.92 

67.4 

295 

222 

140 

846 

0.581 

404 

6.67 

17.1 

82.5 

2070 

7.92 

67.4 

295 

222 

140 

846 

0.58 1 

404 

10.0 

23.0 

82.5 

2070 

414 

414 

414 

414 

414 

414 

414 

414 

414 

414 

414 

414 

114 

414 

414 

12.8 

282 

1470 

1340 

2.90 

758 

2850 

2.60 

215 

1740 

131 

42.5 

2.40 

594 

488 

13.5 12.8 

294 282 

1320 1320 

1260 1260 

2.64 2.64 

848 758 

2660 2660 

2.8 1 2.60 

193 193 

1580 1580 

114 114 

41.0 41.0 

2.10 2.40 

529 529 

468 468 

12.8 

282 

1320 

1260 

2.64 

758 

2660 

2.60 

193 

1580 

114 

41.0 

2.40 

529 

2070 

n 



TABLE E.2-8 

RADIOLOGICAL CPCS IN WASTE PIT 3 - SOLID CONTENTS (PCVg) 

CIS DATA RI/FS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMIXER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

Neptlmi~m-237 

Plutonium-238 

Pl~toni~m-239/240 

Radium-226 

Radium-228 

StrontiUm-90 

TeChnetiW-99 

Thorium-228 

Thorium-230 

M u m - 2 3 2  

uranium-274 

uranium-275 

Uranium-235/U6 

Uranium-238 

3 P  2.10 1.10 2.10 

3 n  1.00 0.500 1 .00 

3fl 14.0 6.00 14.0 

1fl 5.20 

6fl 1110 

7 n  40.0 

7 n  11700 

7fl 59.0 

7fl 475 

7 n  21.0 

7fl 1380 

260 

52 1 

21.6 

8320 

30.7 

327 

16.6 

762 

5.20 

521 

21.6 

8320 

30.7 

327 

16.6 

762 

a 

ll5 

2t5 

616 

616 

416 

616 

3 6  

616 

3 6  

414 

1 I1 

414 

616 

0.980 

159 

45 1 

241 

4.91 

33 

554 

11400 

3% 

991 

51.8 

89.2 

1740 

0.700 

1.40 

306 

186 

2.80 

221 

526 

8570 

334 

1110 

73.0 

1290 

0.980 

159 

306 

186 

2.80 

22.1 

554 

8570 

3% 

991 

51.8 

73.0 

1290 

2.10 

1 .00 

14.0 

306 

186 

5 .m 
521 

554 

8570 

3% 

991 

51.8 

73.0 

1290 



TABLE E.2-9 

CHEMICAL CPCS IN WASTE PIT 3 - SOLID CONTENTS 

PARAMETER 

CIS DATA W F S  DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE Cpc 
FREQ DEI' (95%) CONCENTRATION FREQ DET (95%) CONCEWRATION CONCENTRATION 

1 . 2 , 3 . 4 , 6 . 7 , 8 - H e p t - p -  
dioxin 

1,2,3.4.6.7.8-Heptechlorodibentofurrm 

1.2,3,6.7.8-Hexachlorodi~p-dioxin 

H ~ t a ~ h l d b ~ ~ ~ - p - d i o x i n  

Heptachlorodibenzofan 

Hexachlorodibenzo-pdioxm 

Hexachlorodibenmfumn 

Octachlorodibenzo-pdioxin 

Octachlorodibenzofuran 

Tetrachlorodibfumn 

Aroclor-1248 

Aroclor-1254 

Benzo(a)anthracene 

B = 4 a ) p p e  

Benzo(b)fluoranthene 

Benzo(g.h,i)perylene 

Chryme 

Indene( 1,2,3-cd)Wrene 

Pentachlorophenol 

Ob 

l b  

lfl 

O f l  

1fl 

Of l  

1fl 

O f l  

3 6  

ND. 

140 331 

60.0 394 

ND 
110 391 

ND 

75.0 393 

ND 
1300 1470 

140 

60.0 

110 

75.0 

1300 

516 

3/6 

116 

516 

5/6 

116 

416 

616 

516 

116 

416 

516 

Iff 

1fl 

lf l  

lf l  

lf l  

1fl 

5b 

1.70 

0.210 

0.048 

3.20 

0.950 

0.260 

0.350 

19.4 

1.10 

0.200 

4800 

3400 

360 

280 

560 

160 

370 

130 

lo00 

1.12 

0.164 

0.256 

2.10 

0.687 

0.180 

0.267 

127 

0.745 

0.1 17 

2730 

2080 

47 1 

467 

510 

470 

472 

472 

783 

1.12 

0.210 

0.048 

2.10 

0.687 

0.260 

0.267 

127 

0.745 

0.200 

2730 

2080 

360 

280 

560 

160 

370 

130 

783 

1.12 

0.210 

0.048 

2.10 

0.687 

0.260 

0.267 

127 

0.745 

0.200 

2730 

2080 

360 

280 

560 

160 

370 

130 

1300 

' Y  



TABLE E.2-9 

(Continued) 

CIS DATA W S  DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CFC 
PARAMITER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

Cyanide 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 
4) 
/-silver 

T’Thdium 

. Tin 

uranium 

2n 
7/1 

7/1 

7 P  

7 P  

7/1 

7/7 

4 n  

016 

5/1 

7/1 

5f l  

7/1 

5/1 

4 0  

3/1 

18.0 

3050 

14400 

24.0 

13.0 

152 

21 .o 
2330 

ND 
613 

10600 

4.00 

504 

90.0 

8.10 

12.0 

10.0 

1800 

8080 

14.4 

8.46 

110 

17.5 

1670 

358 

5120 

2.00 

266 

49.5 

6.62 

6.40 

18.0 

1800 

8080 

14.4 

8.46 

110 

17.5 

1670 

358 

5 120 

2.00 

266 

49.5 

6.62 

12.0 

416 

616 

616 

616 

416 

616 

616 

616 

616 

416 

616 

616 

516 

616 

616 

516 

616 

416 

1 I5 

616 

63.5 

37200 

3570 

10.7 

236 

38.6 

234 

50.7 

2010 

1.70 

837 

20200 

5.10 

284 

292 

6.00 

41.8 

4.10 

191 

5940 

52.5 

21300 

2540 

8.64 

155 

25.9 

186 

36.0 

1740 

1.61 

670 

16700 

3.19 

241 

206 

4.29 

37.4 

3.15 

134 

4560 

525 

21300 

2540 

8.64 

155 

25.9 

186 

36.0 

1740 

1.61 

670 

16700 

3.19 

24 1 

206 

4.29 

37.4 

3.15 

191 

4560 

525 

21300 

8080 

14.4 

155 

25.9 

186 

36.0 

1 740 

1.61 

670 

16700 

3.19 

241 

266 

49.5 

37.4 

12.0 

191 

4560 
1 
-; 

B 
E 

W 

A 



TABLE E2-9 

(Continued) 

PARAMETER 

CIS DATA RUFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

___ ~ 

7f l  97700 5200 5m 

3/1 31 1 168 311 6/6 325 211 21 1 

5m 
311 

'ND - Not detected 



6 
@4! 

TABLE E.2-10 

RADIOLOGICAL CPCS IN WASTE PIT 4 - SOLID CONTENTS @We) 

CIS DATA RVFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMITER FREQ DEI' (95%) CONCENTRATION FREQ DEI' (95%) CONCENTRATION CONCENTRATION 

Nepnmiw-237 114 0.400 0.400 0.400 0.400 

Plutonium-238 2/4 0.500 0.500 0500 0500 

PlutImium-239R40 114 0.400 0.300 0.400 0.400 

Redim-226 

Redim-228 

StNmtiUm-90 

TCChnetiUm-99 

Thorium-228 

ThoriUm-230 

Thorium-232 

uranium-234 

uranium-235 

Uranium-235/236 

Uranium-238 

'ND - Not detected 

014 

414 

414 

414 

414 

414 

414 

414 

w 
225 197 197 

395 335 335 

566 620 566 

920 80.2 80.2 

2320 1990 1990 

426 368 368 

15800 13400 13400 

516 

616 

516 

516 

414 

616 

414 

3/3 

111 

414 

414 

50.1 

141 

144 

9.43 

2410 

1820 

838 

4100 

26.6 

934 

41900 

36.6 

99.7 

99.4 

6.60 

2320 

1520 

708 

6060 

898 

44500 

36.6 

99.7 

99.4 

6.60 

2320 

1520 

708 

4100 

26.6 

898 

41900 

36.6 

99.7 

99.4 

197 

?320 

1520 

708 

4100 

368 

898 

41900 

I 



TABLE E 3 1 1  

CHEMICAL CPCS IN WASTE PIT 4 - SOLID CONTENTS 

PARAMETER 

~~ 

CIS DATA RVFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CFC 
FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

OrllPnh ( e/kB, 

1.23,4,7,8,9-H~Whl0dibe11~0ptechlorodibenzohnan 

1.2,3,4.7,8-Hexachlorodi~pdioxm 

1.2.3,4,7.8-Hexachlorodibenzoh 

1.2.3,6.7,8-Hexachlorodib-pdioxm 

1,2,3.6.7.8-Hexachlorodibfuran 

1.23.7,8.9-Hexachlorodibem-pdioxin 

1.2.3.7,8.9-Hexachlorodibenzofuran 

1 , 2 , 3 . 7 , 8 - P ~ t a ~ ~ O d i ~ ~  

2,3,4,6.7,8-Hexachldbemfuran 

2,3,4.7,8-Pe11WhlOdirodibenzofuran 

2,3,7,8-Tetrachlorodibenzohm 

Heptachlorodibenzo-pdi~~i~l 
0 

co Hexachlurudibenzo-pdlioxin 

Hexachlurudibenzofixan 

Octnchlorodibenzo-pdioxin 

Octachlorodibenzofuren 

Pentachldlibenzofuran 

Tetrachlorodibenzo-pdioxm 

T ~ h l o r o d i b e 3 U O h  

Hepta&kidibenzohnm 

co 

TR-FEwDUl ~F.wPI229AE.21119-21-9M:13ua 

2.40 

0.060 

2.90 

0.160 

1.10 

0.220 

0.750 

2.10 

1.20 

2.70 

9.90 

4.00 

4.40 

2.70 

8.50 

9.00 

4.90 

15.3 

0.470 

34.1 

1.59 

0.689 

1.80 

0564 

0.830 

0.476 

1.04 

1.39 

0.814 

1.74 

6.97 

3.16 

3.18 

1.85 

5.39 

6.52 

3.66 

9.42 

0.316 

24.1 

2.40 

0.060 

1.80 

0.160 

0.830 

0.220 

0.750 

139 

0.814 

1.74 

6.97 

3.16 

3.18 

1.85 

5 3 9  

652 

3.66 

9.42 

0.470 

24.1 

2.40 

0.060 

1.80 

0.160 

0.830 

0.220 

0.750 

139 

0.814 

1.74 

6.97 

3.16 

3.18 

1.85 

5.39 

652 

3.66 

9.42 

0.470 

24.1 



TABLE E.2-11 

(Continued) 

PARAMETER 

CIS DATA RUFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE Cpc 
FREQ DEI' (95%) CONCENTRATION FREQ DEI' (95%) CONCENTRATION WNCENTRATION ' 

4Nitmpharol 

Acenaphthme 

Anthracene 

h l o r -  1242 

Aroch- 1248 

Aroch-1254 

Benzene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Bm(b)fluoranthene 

Benzo(gb.i)perylene 

Benzo(k)fluoranthene 

, (3 chryme 

b b  Dibenzofuran m .  a Dibenzo(4h)mthracene 

Flumthene 

Fluorene 

Indene( 1,2,3-cd)pyrene 

Naphthalene 

P h m t 3 l l h G l l C  

114 

2J4 

314 

214 

2J4 

414 

014 

414 

314 

314 

2l4 

314 

414 

314 

1 I4 

414 

314 

314 

314 

314 

414 

2300 

1200 

2500 

1030 

854 

1010 

ND 
4100 

4500 

3800 

170 

3700 

4500 

1400 

65.0 

9900 

2200 

180 

1 loo 

9400 

6600 

21 10 

1040 

2160 

904 

808 

942 

3530 

3840 

3240 

242 

3170 

3860 

1200 

273 

8570 

1880 

224 

950 

8130 

5710 

2300 

1200 

2?0 

1030 

854 

942 

3530 

4500 

3800 

1 70 

3700 

3860 

1400 

65.0 

8570 

2200 

180 

1100 

9400 

5710 

019 

219 

219 

016 

416 

316 

111 1 

219 

219 

219 

119 

Ol9 

219 

219 

019 

2f9 

219 

119 

219 

249 

219 

ND 
1900 

2700 

m 
7500 

6800 

14.0 

4700 

2900 

5200 

990 

ND 
3300 

1200 

ND 
1 loo0 

2000 

990 

740 

12000 

9Ooo 

904 

1180 

5920 

4190 

5.83 

2000 

1310 

2360 

691 

1580 

638 

4210 

95 1 

691 

450 

4750 

3475 

1900 

2700 

5920 

6800 

14.0 

4700 

2 m  

5200 

990 

3300 

1200 

1 lo00 

2000 

990 

740 

12000 

9Ooo 

2300 

1900 

2700 

1030 

5920 

6800 

14.0 

4700 

4500 

5 2 0  

990 

3700 

3860 

1 4 0  

65.0 

1 loo0 

2200 

990 

1 loo 

l#w)o 

9000 



TABLE E.2-11 

(Continued) 

PARAMETER 

_ _ ~  

CIS DATA RVFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CFC 
FREQ DlZ (95%) CONCENTRATION FREQ DlZ (95%) CONCENTRATION CONCENTRATION 

cobalt 

copper 

cywide 

Lead 

Manganese 

Merctny 

MolyWenum 

Nickel 

Selenium 

Sib- 

3 4  

014 

115 

1/5 

5Is 

5f5 

4 5  

515 

315 

515 

1/5 

5/5 

5/5 

3/5 

515 

014 

4 6  

3oooo 

ND 

0.500 

4.60 

6670 

13.0 

29.0 

94.0 

84.0 

188 

0.700 

63.0 

3600 

0.600 

50.0 

ND 
444 

25200 

0.375 

299 

4580 

8.35 

18.6 

63.7 

54.5 

130 

0.551 

55.3 

3340 

0.487 

38.2 

279 

3oooo 

0.500 

4.60 

4580 

835 

18.6 

63.7 

84.0 

130 

0.700 

55.3 

3340 

0.600 

38.2 

279 

6/10 

2/2 

2i1 1 

4/5 

SI5 

5 6  

3/5 

5/5 

5/5 

5/5 

4ts 

5/5 

2i5 

5ts 

5/5 

315 

515 

5/5 

115 

5/5 

240 

7 m  

14.0 

317 

650 

3720 

50.6 

1010 

34.8 

1500 

183 

482 

0.240 

63.2 

5620 

0.620 

95.6 

223 

0370 

755 

825 

136000 

8.90 

222 

5.16 

3 130 

36.7 

658 

24.5 

1050 

129 

352 

0.304 

53.6 

4750 

0.454 

69.8 

167 

03 16 

531 

825 

7 m  

14.0 

222 

5.16 

3130 

50.6 

658 

24.5 

1050 

129 

352 

0.240 

53.6 

4750 

0.620 

69.8 

1 67 

0370 

53 1 

3m 

7 m  

14.0 

222 

5.16 

4580 

50.6 

658 

24.5 

1050 

129 

352 

0.551 

55.3 

4750 - I .  

0.620 

69.8 I 

1 67 

0370 

53 1 

i 



TABLE E.2-11 

(Continued) 
HA 
W 

d CIS DATA RVFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMmR FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCEIWMTION 

Tin 

Uranium 

Vanadium 

zinc 

'ND - Not detected 

414 87.0 82.8 828 

4 n  2.35 153 153 

415 84.0 63.4 63.4 

4 n  133 114 114 

616 116OOO 94400 94400 

sn 558 394 394 

sn 200 143 143 

114 

94400 

394 

143 



TABLE E3-12 

RADIOLOGICAL CPCS IN WASTE PIT 5 - SOLID CONTENTS (pCi/g) 

~~ 

CIS DATA ws n m i  
MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CFC 

PARAMETER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

Cesium-137 

Neptunium-237 

Plutonium-238 

Pl~t0ni~m-239/240 

Radium-226 

Redim-228 

Ruthenium-106 

SbOlltiUm-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

uranium-234 

uranium-235 

uranium-238 

'ND - Not detected 

2/6 

516 

516 

516 

016 

616 

616 

616 

616 

616 

6/6 

616 

616 

76.0 

19.0 

4.40 

13.0 

m 
31.0 

2990 

44.0 

8480 

55.0 

1250 

79.0 

1230 

52.8 76.0 

15.1 15.1 

3.60 3.60 

9.70 9.70 

20.1 

2070 

42.9 

6810 

45.1 

929 

53.9 

903 

20.1 

2070 

429 

6810 

45.1 

929 

53.9 

903 

9P  

32 

319 

5P 

919 

819 

2P 

819 

9P 

919 

919 

719 

919 

419 

919 

78.0 

46.0 

0300 

3.12 

1 50 

39.0 

1.60 

15.0 

3020 

38.0 

2600 

10.0 

860 

39.0 

960 

40.2 

80.5 

0.100 

1.20 

112 

26.7 

1.40 

6.80 

2020 

19.9 

900 

4.70 

713 

24.6 

746 

40.2 

46.0 

0.300 

1.20 

112 

26.7 

1.60 

6.80 

2020 

19.9 

900 

4.70 

713 

24.6 

746 

76.0 

46.0 

3.60 

9.70 

112 

26.7 

1.60 

20.1 

2070 

429 

6810 

45.1 

929 

53.9 

903 

? - ,  



TABLE E3-13 

CHEMICAL CPCS IN WASTE PIT 5 - SOLID CONTENTS . -  

CIS DATA WFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE m 
PARAMEI'ER FREQ DET (95%) CONCENTRATION FREQ DEI' (95%) CONCENTRATION CONCENIXATION 

OrIFpnb ( Ed40 
Arocl~r- 1248 

Arocl~r-1254 

InorIFpnb (who 
AntimOny 

h m i C  

Barium 

Beayllium 

Cadmium 

chromium 

Cobalt 

copper 

Cyanide 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

silver 

Thallium 

2/6 

2/6 

415 

415 

5/5 

5/5 

415 

5/5 

415 

4/5 

1D 

4/5 

5 6  

515 

515 

4/5 

3/5 

4/5 

550 

750 

64.0 

2800 

36900 

18.0 

17.0 

141 

44.0 

18200 

0.500 

168 

3300 

1.80 

202 

18.0 

9.40 

11.0 

1080 

2010 

51.7 

2150 

30200 

14.8 

11.6 

116 

35.5 

11800 

0.958 

174 

3050 

1.59 

150 

13.8 

7.8 1 

9.94 

550 

750 

51.7 

2150 

30200 

14.8 

11.6 

116 

35.5 

11800 

0.500 

168 

3050 

1.59 

* 150 

13.8 

9.40 

9.94 

A 

919 

7l9 

919 

919 

919 

919 

919 

919 

019 

919 

919 

919 

919 

919 

019 

519 

419 

88.1 

715 

18100 

224 

4.70 

98.0 

17.1 

6450 

NIT 

134 

486 

1.50 

1350 

178 

ND 

222 

520 

47.5 

542 

13200 

14.2 

332 

78.9 

121 

4110 

105 

466 

1.04 

666 

119 

14.1 

34.5 

47.5 

542 

13200 

14.2 

332 

78.9 

12.1 

4110 

105 

466 

1.04 

666 

119 

14.1 

34.5 

5!11 

7?0 

51.7 

2150 

3w.00 

14b.8 

11.6 

1n6 

35.5 

11t100 

035.00 

1 t i  

3050 

1-59 

6th 

1-50 

12.8 

14.1 

34.5 



TABLE E3-13 

(Continued) 

CIS DATA RVFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 

Tin 1/1 30.0 30.0 919 928 48.0 48.0 48.0 

PARAMETER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

Uranium 919 3700 2760 2760 2760 

VSlladium 56 5380 4920 4920 919 4530 2760 2760 4920 

zinc 

'ND - Not de&ed 

3/5 180 166 180 919 278 206 206 206 

TR-FEWUI RI/DF.WPI 229AE.213A-21-9W: 16rm 



TABLE E.2-14 

RADIOLOGICAL CPCS IN WASTE PIT 5 - SURFACE WATER (pCin) 

CIS DATA RVFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESWAM C P C C O N C ~ ~ O N  
PARAMETER FREQ DET (95%) CONCENTRATION FREQ D W  (95%) CONCENTRATION -a 

2n 41.0 59.6 41.0 41.0 

TeChnetium-99 2.n 320 533 320 

Thorium-230 2n 0.100 0.100 0.100 

uranium-234 2n 420 415 420 

UrhUm-235 242 19.0 18.5 19.0 

Uranium-238 2f2 400 385 400 

320 

420 

0.100 

19.0 

400 



TABLE E.2-15 

CHEMICAL CPCS IN WASTE PIT 5 - SURFACE WATER @gL) 

PARAMETER 

~ 

CIS DATA RIPS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CK! 
FREQ DET (95%) CONCENTRATION FREQ DEI' (95%) CONCENTRATION CONCENTRATION 

r Lead 

w 
o\ 

Nickel 
Y 

Selenium 

VWadiUm 

zinc 

It2 

212 

212 

212 

212 

2f2 

212 

212 

1n 
212 

212 

11.0 

450 

2.10 

108 

21.0 

87.0 

2.90 

21.0 

2.10 

47.0 

114 

33.6 11.0 

6.10 450 

2.10 

119 108 

23.7 21.0 

140 87.0 

6.60 2.90 

26.3 21.0 

5.40 2.10 

49.7 47.0 

167 114 

11.0 

450 

2.10 

108 

21.0 

87.0 

2.90 

21.0 

2.10 

47.0 

114 



TABLE E3-16 

RADIOLOGICAL CPCS IN WASTE PIT 6 - SOLID CONTENTS (pCVg) 

CIS DATA R W S  DATA 
-I-. 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTAM CPC 
PARAMEI’ER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTMTION CONCENTRATION 

Cesium-137 

Nepdum-237 

Pl~toni~m-238 

Pl~toni~-239/240 

Radium-226 

Radium-228 

StrontiUm-90 

TeChnetiUm-99 

Thorium-228 

Thorium-230 

Thorium-232 

uranium-234 

uranium-235 

Uranium-238 

314 

414 

414 

414 

414 

414 

414 

414 

414 

414 

414 

414 

31.0 

3.60 

1.40 

15.0 

5.10 

164 

1.20 

44.0 

1.20 

5330 

1750 

18700 

31.2 

3.40 

1.30 

14.3 

5.50 

167 

1.10 

47.6 

1.10 

5060 

1840 

20500 

31.0 

3.40 

130 

14.3 

5.10 

164 

1.10 

44.0 

1.10 

5060 

1750 

18700 

8l8 

618 

818 

8l8 

8l8 

618 

5l8 

818 

8l8 

818 

818 

818 

818 

14.0 

1 .oo 
14.0 

4.90 

191 

4.80 

45.0 

1.70 

620 

1 .00 

4060 

337 

28700 

10.8 10.8 

0.800 0.800 

11.3 11.3 

4.40 4.40 

96.3 96.3 

3.70 3.70 

31.1 31.1 

150 150 

45.9 45.9 

0.700 0.700 

3120 3120 

267 267 

20600 20600 

31.0 

3.40 

130 

14.3 

4.40 

96.3 

5.10 

164 

150 

45.9 

1.10 

5060 

1750 

20600 

a 



TABLE E3-17 

CHEMICAL CPCS IN WASTE PIT 6 - SOLID CONTENTS 

CIS DATA RUFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE Cpc 
PARAMETER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

O w n b  ( 8/ks) 

&lor-1254 

Tetrachloroetheme 

h o w &  (mglkg) 

Arsenic 

Barium 

Bayllium 

Cadmium 

chromium 

cobalt 

copper 

Lead 

Manganese 

Nickel 

silver 

Thallium 

Tin 

Uranium 

111 

414 

1/1 

111 

111 

111 

111 

111 

111 

1/1 

111 

111 

111 

0/1 

81.0 

29obo 

7.60 

95.0 

5.70 

5.70 

30.0 

26.0 

222 

60.0 

35.0 

51.0 

158 

NIY 

81.0 

31 100 29OOo 

7.60 

95.0 

5.70 

5.70 

30.0 

26.0 

222 

60.0 

35.0 

51.0 

158 

919 

919 

919 

119 

319 

519 . 

319 

919 

919 

919 

719 

619 

719 

8/8 

76.7 54.9 

71.7 58.6 

2.10 1.42 

1.30 2.65 

7.00 22.7 

4.60 5.79 

10.8 15.5 

113 79.6 

312 221 

22.7 18.9 

9.20 6.19 

108 71.0 

21.5 13.8 

27700 19300 

54.9 

58.6 

1.42 

1.30 

7.00 

4.60 

10.8 

79.6 

22 1 

18.9 

6.19 

71.0 

13.8 

19300 

81.0 

29000 

54.9 

95.0 

5.70 

5.70 

30.0 

26.0 

222 

79.6 

221 

51.0 

158 

71.0 

13.8 

19300 



TABLE E3-17 

(Continued) 

CIS DATA RI/FS DATA CP 
MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC @ 

PARAMEI'ER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCEN'RATION CONCENTRATION 

VlDladium 1 /1 100 100 OD ND 100 

Zinc 111 48.0 48.0 9D 61.0 44.7 44.7 48.0 

. .  



TABLE E.2-18 

RADIOLOGICAL CPCS IN WASTE PIT 6 - SURFACE WATER (pCVL) 

CIS DATA W S  DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMETER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

R d h - 2 2 8  5l5 31.3 25.7 25.7 

TCChnetiUm-99 5/5 3500 2750 2750 

Thorium-230 2/5 0300 0.300 0300 

uranium-234 ,. , 5/5 77.0 85.2 77.0 

uranium-235 , 56 930 9.90 930 

25.7 

2750 

0.300 

77.0 

930 

Uranium-238 5/5 460 499 460 460 

TR-FEWDUI RUDF.WP1229AE.21819-21-9M:23~11 

I 



TABLE E.2-19 

CHEMICAL CPCS IN WASTE PIT 6 - SURFACE WATER (a) 
CIS DATA R W S  DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CFC 
PARAMEl'ER FREQ DET (95%) CONCENTRATION FREQ DEI' (95%) CONCENTRATION CONCENTRATION 

AntimtBly 115 1.70 1.30 1.70 1.70 

cymlide 115 10.0 8.10 10.0 10.0 

Lead 115 2.90 2.00 2.90 2.90 

Zinc 215 114 72.8 114 114 
I 



TABLE E3-20 

RADIOLOGICAL CPCS IN BURN PIT - SOLID CONTENTS (pCVg) 

CIS DATA RI/FS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMETER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

Nqtrmi~m-237 

Plutonium-238 

Pl~toniUm-239/240 

Radium-226 

Radium-228 

StrontiUm-90 

TeChnetiUm-99 

Thorium-228 

ThOriUm-230 

Thorium-232 

uranium-234 

Uranium-235 

Uranium-238 

2/6 

116 

116 

016 

416 

616 

616 

616 

616 

616 

616 

0.600 

0500 

0.400 

ND 
64.0 

19.0 

218 

21.0 

415 

27.0 

454 

0.500 

0.300 

0.200 

52.3 

12.9 

127 

13.2 

253 

16.1 

299 

0.600 

0500 

0.400 

52.3 

129 

lZ7 

13.2 

253 

16.1 

299 

014 

014 

414 

414 

114 

414 

314 

414 

314 

414 

414 

414 

NIT 
ND 

39.2 

10.4 

0.500 

3.29 

12.4 

4530 

14.4 

1710 

102 

2000 

34.2 

11.2 

3.00 

378 

3810 

173 

1560 

101 

1800 

34.2 

10.4 

0500 

3 .OO 

12.4 

3810 

14.4 

1560 

101 

1800 

0.600 

0500 

0.400 

34.2 

10.4 

0500 

523 

129 

3810 

14.4 

1560 

101 

1800 

'ND - Not detected 



TABLE E3-21 

CHEMICAL CPCs IN THE BURN PIT - SOLID CONTENTS (mgkg) 

CIS DATA RUFS DATA 

MAX UCL REPRESENTATWE MAX UCL REPRESENTATIVE C'pc 
PARAMETER FREQ DEI' (95%) CONCENTRATION FREQ DEI' (95%) CONCENTRATION CONCENTRATION 

Heptachlorodibenzo-pdioxin 

O C t a C h l d h - p d i o x i n  

o a a c h l d h h m  

Acenaphthme 

Anthracene 

Aroclor- 1254 

B ~ ( a ) a n ~ e  

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Chryme 

Dibenzofurm 

Fluomthene 

Fluorene 

Indene( 1,2,3cd)Wrene 

Pentachlorophenol 

Phenwthrene 

Mae 
Tetrachldene 

016 

on 
sn 
4n 

in 
4n 

in 
in 

3n 

3n 

on 

On 

116 

2fl 

4n 

3n 

2J6 

ND. 
ND 
2700 

170 

160 

170 

85.0 

200 

83.0 

ND 
210 

ND 
78.0 

2600 

190 

140 

260 

1560 

209 . 

246 

210 

256 

242 

22 1 

243 

257 

1780 

232 

231 

194 

1560 

170 

160 

1 70 

85.0 

200 

83.0 

210 

78.0 

2600 

190 

140 

260 

214 

214 

214 

114 

14 
14 
314 

2/5 

2/5 

14 
2/5 

1/5 

m 
115 

2# 

us 
m 
0/5 

3/5 

34 

014 

0520 0556 

0.980 1.080 

4.00 450 

0.130 0.191 

1100 810 

3100 2050 

7700 6690 

6300 4U30 

3900 2530 

9600 6120 

2900 1900 

340 1660 

7000 4470 

900 689 

16Ooo 10100 

1700 1170 

2200 1460 

ND 

lso00 9480 

14ooo 8870 

ND 

o m  
0.980 

4.00 

0.130 

8 10 

3100 

7700 

6300 

3900 

9600 

2900 

340 

7000 

900 

16ooo 

1700 

2200 

15ooo 

14ooo 

o m  
0.980 

4.00 

0.130 

8 10 

31100 

7700 

6300 

3 m  

9600 

2900 

340 

7000 

900 

16OOO 

1 700 

2200 

2 m  

15000 

14000 

260 



TABLE E.2-21 

(Continued) 

1 

g 

9 
k b  

Q 
cn 

CIS DATA RIJFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATNE CPC 
PARAMEfER FREQ DIT (95%) CONCENTRATION FREQ DET (95%) CONCENTRATION CONCENTRATION 

Vinyl chloride 

. horganlrs(me/ke) 

AntimOny 

Arsenic 

Barium 

BI?I-!Aium 

Boron 

Cadmium 

chromium 

cobalt 

cow 

Cyanide 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

silver 

Thallium 

Uranium 

016 

lrl 

5r7 

5r7 

5rl  

7rl 

7r7 

6r7 

4r7 

Or7 

5n 
7r7 

2rl 

6r7 

1 I6 

U6 
3fl  

ND 

0.600 

21 .o 
7100 

16.0 

35.0 

88.0 

104 

166 

ND 

53.0 

1720 

0.200 

60.0 

0.500 

506 

0.500 

0.664 

11.8 

3050 

7.14 

15.4 

43.4 

48.4 

80.3 

32.4 

859 

0.120 

31.4 

0.341 

255 

0.409 

0.600 

11.8 

3050 

7.14 

15.4 

43.4 

48.4 

80.3 

32.4 

859 

0.200 

31.4 

0500 

506 

0500 

114 

3 4  

414 

414 

414 

2t3 

414 

414 

414 

414 

v 4  

414 

414 

314 

414 

414 

414 

414 

014 

414 

3 .00 

17.8 

39.2 

299 

1.90 

48.2 

5.40 

91.2 

111 

259 

0.210 

279 

962 

1.20 

24.8 

206 

2.00 

21.6 

ND 
4460 

859 

18.0 

34.7 

327 

2.01 

61.3 

5.61 

929 

98.9 

28 1 

0.199 

310 

944 

1.12 

24.9 

187 

1.91 

23.5 

4030 

3 .00 

17.8 

34.7 

299 

1.90 

48.2 

5.40 

91.2 

98.9 

259 

0.210 

279 

944 

1.20 

24.8 

187 

1.91 

21.6 

4030 

3 .00 

17.8 

34.1 

3050 

7.14 

48.2 

15.4 

91.2 

98.9 

259 

0.210 

279 

944 

1.20 

24.8 

187 

1.91 

506 

0500 

4030 
bP e 



TABLE E.2-21 

(Continued) 
~~ _ _ _ ~  

CIS DATA W S  DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CK! 

Vwadium 4fl 290 129 129 414 43.3 43.3 46.3 129 

PARAMEI'ER FREQ DET (95%) CONCENTRATION FREQ DET (95%) CONCENIRATION CONCENTRATION 

lfl 75.0 51.8 51.8 414 505 523 505 505 
. *  

Zinc 



TABLE E3-22 

RADIOLOGICAL CPCS IN THE CLEARWELL - SOLID CONTENTS (PCVg) 

~ ~~ 

CIS DATA W S  DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMETER FREQ Dm (95%) CONCENTRATION FREQ D m  (95%) CONCENTRATION CONCENTRATION 

Cesium-137 
-.. 
--' Nephmium-237 

Plutonium-238 

PIutonium-239f240 

Radium-226 

Radium-228 

StlOntiUm-90 

TeChnetiUm-99 

Thorium-228 

MUm-230 

Thorium-232 

uranium-234 

urdUm-235 

Uranium-238 

414 

314 

014 

014 

414 

8 4  

414 

414 

414 

414 

414 

414 

450 

2.20 

26.0 

278 

56.0 

5600 

39.0 

376 

49.0 

670 

406 

2.10 

22.3 

254 

54.9 

4760 

36.9 

364 

48.3 

683 

406 

2.20 

22.3 

278 

54.9 

4760 

36.9 

364 

48.3 

683 

616 

416 

516 

516 

616 

616 

U6 

616 

616 

616 

616 

616 

616 

616 

71.4 

1.80 

0.490 

0.540 

1 70 

26.4 

12.8 

695 

28.1 

3 14 

9.69 

1050 

373 

1640 

62.9 

1.70 

0.400 

0.400 

118 

24.1 

7.20 

523 

26.8 

233 

7.70 

797 

349 

1360 

62.9 

1.70 

0.400 

0.400 

118 

24.1 

12.8 

523 

26.8 

233 

7.70 

797 

349 

1360 

406 

2.20 

0.400 

0.400 

118 

24.1 

22.3 

523 

54.9 

4760 

36.9 

797 

349 

1360 



TABLE E.2-23 

CHEMICAL CPCS IN THE CLEARWELL - SOLID CONTENTS 

CIS DATA RUFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CFC 
PARAMETER FREQ DEI' (95%) CONCENTRATION FREQ D m  (95%) CONCENTRATION CONCENTRATION 

OrsPnks ( g h ,  

2.4J-T1khlOrophen01 

Anthracene 

Aroclor-1242 

Arocl~r-1248 

ArocIor-1254 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)flumthene 

. Benzo(ghi)perylene 

Benzo(k)fluoranthene 

Chryme 
Fluoranthene 

Indene( 1,2.3-cd)pyene 

Phenanthrene 

b e n e  

114 

114 

114 

114 

414 

244 

114 

114 

1 I4 

114 

314 

1 I4 

114 

414 

314 

6u10 

450 

121 

308 

737 

890 

670 

7 10 

230 

750 

lo00 

3100 

270 

2100 

1400 

5980 

71 1 

168 

284 

643 

917 

772 

792 

725 

814 

lo00 

2700 

719 

1790 

1300 

6200 

450 

121 

308 

643 

890 

670 

710 

230 

750 

lo00 

3100 

270 

1 790 

1400 

I 

6200 

450 

121 

308 

643 

890 

670 

7 10 

230 

750 

lo00 

3 100 

270 

1790 

1400 



TABLE E.2-23 

(Continued) 

, ..1 

. .  . .  

~ ~~ 

CIS DATA RVFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE CPC 
PARAMETER FREQ DET (95%) CONCENTRATION FREQ DEl' (95%) CONCENTRATION CONCENTRATION 

horganks (me/ne, 

AntimOny 

Arsenic 

Barium 
Beryllium 

Cedmium 

chromium 

Cobalt 

c o w  
Cyanide 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Thorium 

Tin 
Uranium 

Vwadium 

zinc 

320 

18.0 

6910 

9.10 

7.20 

76.0 

23.0 

1120 

9.20 

83.0 

1660 

4.40 

67.0 

3.70 

3.30 

2.10 

2600 

194 

27 .O 

16.6 

6140 

7.78 

7.27 

70.7 

23.8 

1050 

7.85 

75.6 

1660 

4.80 

64.8 

3.19 

3.18 

1.82 

2200 

177 

320 

16.6 

6140 

7.78 

7.20 

70.7 

23.0 

1050 

9.20 

75.6 

1660 

4.40 

64.8 

3.70 

3.30 

2.10 

2200 

in 

416 

516 

616 

616 

616 

616 

616 

616 

416 

616 

616 

616 

616 

6/6 

416 

516 

416 

616 

516 

616 

616 

616 

10.9 

59.1 

1790 

2.90 

2.90 

1% 

25.7 

3320 

1.47 

588 

19800 

1.60 

40.9 

228 

0.850 

12.7 

1.60 

88.9 

24.1 

2780 

285 

3 14 

9.41 

54.0 

1610 

234 

2.73 

153 

21.4 

2420 

1.09 

433 

13200 

1.41 

36.5 

167 

0.617 

9.84 

1.26 

70.5 

18.1 

2090 

232 

246 

9.41 

54.0 

1610 

234 

2.73 

153 

21.4 

2420 

1 .09 

433 

13200 

1.41 

36.5 

167 

0.617 

9.84 

1.26 

70.5 

18.1 

2090 

232 

246 

320 

54.0 

6140 

7.78 

7.20 

153 

23.0 

2420 

9.20 

433 

13200 

4.40 

36.5 

167 

3.70 

9.84 

2.10 

70.05 

18.1 

2090 

2200 

246 



TABLE E.2-24 
4 
€D 
4 

RADIOLOGICAL CPCS IN THE CLEARWELL - SURFACE WATER (pCuL) 

CIS DATA RUFS DATA 

MAX UCL REPRESENTATIVE MAX UCL REPRESENTATIVE Cpc 
PARAMETER FREQ D R  (95%) CONCENTRATION FREQ Dm (95%) CONC-TION CONCENTRATION 

R d m - 2 2 6  212 1.10 1.10 1.10 

TeChnetim-99 212 4030 9480 4030 4030 

Thorium-230 112 0.400 1.20 0.400 0.400 

uranium-234 1900 2170 1900 1900 

uranium-235 212 i m  147 i m  im 

Uranium-238 212 6200 8330 6200 6200 

a 



TABLE E.2-25 

CHEMICAL CPCS IN THE CLEARWELL - SURFACE WATER (w) 

W S  DATA CIS DATA 

REPRESENTATIVE REPRESENTATIVE Cpc 
mm MAXDET UCL(9546) CONCENTRATION FREQ MAXDET UCL(9596) CONCENTRATION CONCENTRATION PARAMEI'ER 

Arsenic 2n 4.20 6.60 4.20 4.20 

copper 212 19.0 32.3 19.0 
.r 

Cyanide ID 87.0 305 87.0 

Selenium ID 3 .00 8.70 3.00 

silver 2/2 14.0 22.0 14.0 

Vanadium 2R 513 1810 513 

Zinc 2n 47.0 153 47.0 

19.0 

87.0 

3 .00 

14.0 

5 13 

47.0 
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E3.0 HUMAN EXPOSURE ASSESSMENT 

The exposure assessment defines and evaluates the route, magnitude, frequency, and duration of 
exposure of a population to site-related constituents of potential concern (CPC) (identified in Section 
E.2.0). Exposure levels for specific receptor populations are estimated by a combination of direct 
measurements of chemical concentrations in the environment and fate and transport modeling (Section 
5.0 and Appendix D of the Remedial Investigation Report @I) which predicts concentrations of site 
contaminants in environmental media at potential points of exposure. Human activity patterns are also 
a key determinant in predicting the nature and magnitude of potential exposures. Factors relating to 
human activity include the frequency of contact with contaminated media, exposure duration, and the 
types of activities in which a person engages. These elements of the exposure assessment are 
integrated to provide a quantitative estimate of chemical exposure, which is then combined with 
information from the toxicity assessment (Section E.4.0) to estimate potential health risks to receptor 
populations (Section E.5.0). 

The general procedure for conducting an exposure assessment involves three stages: 

Characterize the physical setting 
Identify migration and exposure pathways 
Quantifyexposure 

In the fint step, the general physical characteristics of the site and characteristics of potential receptor 
populations axe described. Site characteristics such as climate, vegetation, and hydrogeology are 
summarized in Section E.3.2. Land use and demographic information are also evaluated to.identify 
and characterize current and potential future (hypothetical) receptor populations. In the second step of 
the exposure analysis, the predominant migration and exposure pathways are identified. Pathways are 
identified on the basis of specific sources, releases, types, and locations of chemicals at the site; 
environmental fate of chemical and radioactive constituents; and locations and activities of potentially 
exposed populations. Sections E.3.3 and E.3.4 present the results of this analysis for Operable Unit 1 
in the form of conceptual site models for two different conditions. 

The two conditions evaluated in this report are the current and future source terms with various land 
use pattern. These are described in detail in Sections E.3.3.1 and E.3.3.2, and are summarized as 
follows: 

Current Source Term 
- With current access restrictions 
- Without current access restrictions 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 

E-3- 1 0452 Wpe. 1229AE.3n 0 1  -93 1 :48p 
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FutureSourceTerm 
- Without cumnt access RStilCtioiii, no development 2 ‘c 
- Without current access restrictions, with development ( fam residence) 3 

Exposure magnitude, frequency, and duration are then quantified for each identified pathway and 
receptor. Section E.3.5 presents the determination of exposure p in t  concentrations, and Section E.3.6 

EPA, the exposure assessment is performed assuming both current and potential future uses of the site. 

4 

5 

6 

7 

presents information on the methods used t~ quantify exposure for various pathways. As required by 

E.3.1 DEVIATIONS FROM THE RISK ASSESSMENT WORK PLAN ADDENDUM 
This section presents Operable Unit 1-specific deviations from the Risk Assessment Work Plan 
Addendum (DOE 1992a). which are relevant to the exposure assessments. These variations are 
presented in a series of brief summaries with the rationale for each deviation. Additional details are 
provided in the appropriate sections of the exposure assessment. Deviations generally applicable to the 
Operable Unit 1 risk assessment are presented in Section E.l.O. Exposure assessment-specific 
deviations are presented in this section. 

8 

9 

10 

11 

12 

13 

14 

E.3.1.1 Exwsure Scenarios and ReceDtors 1s 

access conmls. Unlike several other operable units at the Femald Environmental Management Project 
No trespassing child is evaluated for Operable Unit 1 under current land use scenarios with existing 16 

l7 4 (FEMF’), Operable Unit 1 is not only surrounded by the property fence, but by a second internal 
security fence as well. The fences, in combination with active security patrols, make it highly unlikely 

18 

19 

that a trespassing child could be exposed to the soil and/or waste pit contents under current land use 
conditions with active access controls. 

2o 

21 

Another receptor presented in the Work Plan Addendum that is not addressed in this exposure 
assessment is the on-property building user. Under current land use conditions, no buildings exist 
within the Operable Unit 1 boundaries. 

22 

23 

2p 

E.3.1.2 Exwsure Input Parameters 25 

Several exposure input parameters were modified from those used in the Risk Assessment Work Plan 
Addendum (DOE 1992a). based on either the acquisition of more representative values and/or U.S. 

resident fanner receptor were used in this risk assessment, as well as in the risk assessment conducted 
for Operable Unit 4. Derivation of this parameter is contained in Section E.3.5.6.5. Various dermal 

26 

n 
Environmental Protection Agency, Region V guidance. Specifically, revised soil ingestion rates for the 28 

29 

30 

31 

32 

exposure parameters were also modified to incorporate EPA’s dermal guidance documents (EPA 
199%). These deviations are discussed in Section E.3.5.6.9. I .  

“3.3 
E-3-2 



E.3.1.3 Exwsure Estimation and Methodolo~es 

FEMP-OIRI-4 D M  
October 12.1993 

In response to EPA comments received on the Risk Assessment Work Plan Addendum, an alternate 
inhalation model for showering exposure was used in this risk assessment. EPA indicated that a 
model by Andelman (EPA 19910 was the preferred model for indoor inhalation of chemicals 
volatilized, so this model was incorporated in this document (as described in Section E.3.5.2.2). 

EPA Region V made additional comments on the Work Plan regarding dermal exposures. This risk 
assessment incorporates the latest EPA demal guidance (see Section E.3.5.2.3 for further discussion). 

Publication of new slope factors for radionuclides also resulted in a change in the way direct radiation 
exposures are calculated from that described in the Risk Assessment Work Plan Addendum (see 
Section E.3.5.1.3). 

E.3.2 CHARACIERIZATION OF EXPOSURE SETTING 
The Operable Unit 1 Study Area includes part of the FEMP and its sumunding environment. The 
following is a summary description of Operable Unit 1 Study Area characteristics that may be affected 
by proposed remedial activities at the FEW or that may have a bearing on the study. More detailed 
descriptions of the local geography, surface topography, demographics, geology and hydrogeology, and 
ecology are presented in Section 3.0 of the Operable Unit 1 RI Report. 

E.3.2.1 Climate and Meteorolofzy 
Information on the local climate was gathered from two primary sources - an on-property meteoro- 
logical system installed at the FEMP in 1986 and the National Weather Service Office at the Greater 
Cincinnati Northern Kentucky International Airport. The FEW meteorological station was installed in 
1986 to collect site-specific data for wind speed and direction, ambient air temperature, lapse rate, dew 
point, temperature, relative humidity, barometric pressure, and precipitation. 

The regional climate is defined as continental, with temperatures ranging from a monthly average of 
29.29 in January to 75.m in July. The highest temperature recorded from 1960 through 1989 was 
1 0 3 9  in July 1988, and the lowest was -25°F in January 1977. The average number of days per year 
with a minimum temperature of 32°F or less is 109 days, and the average number of days per year 
with a maximum temperature of 90°F or greater is 20 days. Yearly frost depth ranges from 30 to 
36 inches. 

The average annual precipitation for the Cincinnati area for the period of 1960 through 1989 was 
40.56 inches and ranged from 27.99 inches in 1963 to 52.76 inches in 1979. The highest precipitation 
occurs during the spring and early summ& pyipitation is typically lowest in late summer and fall. 
The average annual snowfall for the 1960 to 1989 period was 23.5 inches, with the heaviest snowfall 
in January. The total rainfall from January 1991 to January 1992 was 43.08 inches with the heaviest 

,t - 

2 

3 

P 
5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

%4 

25 

26 

n 
28 

29 

30 

31 

32 

33 
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rainfall at 6.2 inches in November 1991. The total snowfall from January 1991 to January 1992 was 
12.9 hches, with the heaviest sn0wfd.I at 4.3 inches in January 1992. 

A study by IT Corporation (IT 1986) indicates that National Oceanic and Atmospheric Administration 
(NOAA) wind flow data from the airport at Cincinnati were sufficiently representative of local 
conditions to sewe as a database for the years prior to the installation of the on-property 
meteorological system. The FEMP meteorological station data indicates that two major terrain 
features, the Great Miami River Valley and the ridges surrounding the site, affect the wind patterns. 

Figure E.3-1 shows the wind pattern recorded from a IO-meter tower at the FEMP in 1992. Prevailing 
winds are from the southwest and west-southwest Section 5 of the Operable Unit 1 RI Report 
presents a more detailed frequency disuibution summary of the numerical data from which the FEMP 
wind mse was generated. 

E.3.2.2 T O W ~ D  hv and Surface Hvdrology 
Operable Unit 1 is located above the floodplain of the Great Miami River drainage basin. It rests on a 
relatively level plain at about 580 feet above MSL. Drainage from Operable Unit 1 is currently 
regulated by engineering controls. These controls are assumed to fail sometime in the future, allowing 
the study area’s topography to determine the flow of surface water. Surface water drainage of 
Operable Unit 1 historically flowed from east to west into Paddy’s Run Creek (Paddy’s Run). Paddy’s 
Run, an intermittent tributary of the Great Miami River that runs along the western boundary of 
Operable Unit 1 lies between the waste storage area and the western property boundary of the FEW. 

Paddy’s Run originates north of the FEMP, flows southward along the western boundary of the 
facility, and enten the Great Miami River approximately 1.5 miles south of the southwest corner of 
the FEMP property at river mile 19.5. The stream is about 8.8 miles long and drains an area of 
approximately 15.8 square miles. Paddy’s Run is a steep-sided intermittent stream and its banks erode 
severely during high flow periods. This drainage has cut six feet or more through the silty clay near 
surface deposits upon which the facility is built. In 1961 and 1962, the course of the stream was 
altered to prevent it from eroding into the Operable Unit 1 Study Area (WEMCO 1987). 

, 

As stated previously, stream flow in Paddy’s Run is intermittent, occurring only during periods of high 
precipitation. The stream is ungauged and peak flows occumng during storm events have not been 
measured. Typical flows for the January through May period range from 0.2 to 4.0 cubic feetlsecond 
(!?/s), based on best engineering judgment. 
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E.3.2.3 Soil and Geolo 1 

glaciers. These pmnt  materials consist mainly of glacial till, but also include sand, gravel, 
glacial-lake clays, and silt clays. 

D Soils in the region of LFEkfP were formed from materials deposited by the Wisconsin and Illinoisan 2 

3 

4 

The major soils in the Operable Unit 1 Study Area are Fincastle silt loams, which also cover large 

productivity when properly managed. Moisture-supplying capacity is moderate, as aE  fertility and 
organic content. The Fincastle series consists of deep, nearly level, somewhat poorly drained soils on 
broad flatlands. Permeability is low and the available water capacity is high. 
soils are predominant, artificial drainage is required for moderate crop productivity. 
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areas west of the FEMP. These soils are light colored, medium acidic, and moderately high in 

In areas where these 

There is also a considerable amount of fill present in the waste storage area. This fill material has 
been placed in the berms around the waste pits. 
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The FEMP overlies a 2- to 3-mile-wide buried Pleistocene Valley known as the New Haven Trough. 
This valley was formed by the ancestral Ohio River during the Pleistocene and subsequently filled 
with glacial outwash materials that were in turn covered by glacial overburden. The outwash deposits 
in this buried valley under the FEMP are a part of the Great Miami Aquifer, which is a widely 
distributed buried valley aquifer. The valley fill aquifer system serves as a major source of domestic, 
municipal, and industrial water in the southwestern Ohio area. 

b 

The distribution of the overburden materials beneath the Operable Unit 1 Study Area are discussed in 
detail in Section 3.0 of the Operable Unit 1 RI Report. Much of the material within 10 feet of the 
p u n d  surface has been reworked by FEW activities and is no longer considered native material. 
The thickness of the glacial material beneath the Operable Unit 1 Study Area before waste pit, 
construction ranged from 0 feet along Paddy's Run to over 40 feet at monitoring well 2027. The 
glacial overburden present beneath Operable Unit 1 is composed of primarily gray and brown clays 
and silts and represent Wisconsinan age glacial material. Sand and gravel stringers and beds found 
within the glacial overburden are undifferentiated glaciofluvial outwash deposits. Within the glacial 
overburden, beds and stringers of fine sand to coarse gravels are present. The more coarse-grained 
sediment at some locations in the waste storage area is continuous and can be correlated between two 
or more nearby wells. Several sand and gravel interbeds are present in the vicinity of Waste Pits 4 

and 5 ,  and may be hydraulically connected. Another sand and gravel interbed is observed in the 
vicinity of monitoring wells 1019, 1076, and 1021. 
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because it is present in the glkid overburden above the Great Miami Aquifer. Depth to the perched 
water is approximately 5 feet below the bottom of the waste pits. [Groundwater elevations within 
Operable Unit 1 tend to be highest in the vicinity of Waste Pits 4 and 6.1 There is a relatively low 
perched water gradient across most of the waste storage area, before water levels drop off sharply 
toward Paddy's Run. The perched groundwater table follows the general topography of the waste 
storage m a  and implies flow through the overburden from northeast to southwest. 

Based on water level data, it has been observed that perched groundwater zones (sand and gravel 
interbeds) may be laterally continuous and interconnected. Perched groundwater present in the 
overbden  is stored in the fme-grain material, clay and silt, matrices. During precipitation events, if 
sufficient surface water infiltrates into the subsurface, the unsaturated fme-grained material will 
become saturated and release water from storage. The released groundwater will then flow into the 
more permeable mnes of sand and gravel interbeds. fractures and joints in the till, or downward to the 
Great Miami Aquifer. It has recently been postulated that perched groundwater might also be released 
to Paddy's Run via surface seeps. 

Groundwater flow in the glacial overburden varies from saturated to partially saturated to unsaturated 
flow in the waste storage area. Saturated groundwater flow is generally observed from late winter to 
late spring, when precipitation events are common and the fme-grained material present in the 
Overburden is saturated. When the fine-grained material is saturated, groundwater is present in the 
more coarse-grained sand and gravel interbeds as well as the joints and fractures observed in the 
unstratified till. Partially saturated and unsaturated flows are observed during drier periods of the year, 
when the finer-grained materials (silt and clay) become unsaturated and water is no longer present in 
the more come interbeds (sand and gravel) and clay/fractures. Saturated flow conditions occur in the 
Great Miami Aquifer. 

E.3.2.5. Vepetation and Wildlife 
Ecological communities on the FEhP consist of grazed and ungrazed pastures. two pine plantations, 
deciduous woodlands, and riparian woodlands. A total of 47 species of t m s  and shrubs, 190 species 
of herbaceous plants, 20 mammal species, 98 bird species, 10 species of amphibians and reptiles, 
21 species of fish, 47 families of benthic macminvenebrates, and 132 families of terrestrial 
invertebrates inhabit the FEW. 

Typical grasses found on the FEMP are red fescue, Kentucky bluegrass, timothy, and red top. Herbs 
include teasel, red and white cloven, and goldenrod. The dominant tree species in the pine plantations 
are white and Austrian pine, with Norway spruce occumng occasionally. Common trees in the 
deciduous woodlands are white ash, American elm, shagbark hickory, and slippery elm. Dominant 
Dee species in the riparian woodlands are eastern cottonwood. hackberry, American elm, and box 
elder. Mammal species observed on the FEW include white-tailed deer, coyote, red fox, opossum, 
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raccoon, groundhog, eastem cottontail, fox squirrel, and several species of bats. Common small 
mammals are the white-footed mouse, short-tailed shrew, meadow vole, meadow jumping mouse, and 
eastern chipmunk. The most common birds breeding on site include the mourning dove, American 
robin, blue jay, American crow, American goldfinch, northern bobwhite, and common grackle. 
Species occurring in the greatest density are the goldfinch, song sparrow, and robin. Raptor species 
observed on site are the northem harrier, red-shouldered hawk, Cooper's hawk, red-tailed hawk, and 
American kestrel. The eastern screech owl and great homed owl are also common. Amphibians and 
reptiles that occur on the FEMP include the American toad, spring peeper, eastern box turtle, and 
snapping turtle. Several species of snakes also occur on site, including the eastern garter snake, 
Butler's garter snake, black rat snake, northern water snake, and the queen snake. Approximately 130 
insect families from 15 orders are represented in FEW habitats. Leaf hoppers are abundant in all 
habitats, although less abundant groups include short-homed grasshoppers, leaf beetles, springtails, 
fruit flies, dark-winged fungus gnats, ants, bees, and wasps. 

The results of a survey indicated that wetlands at the FEW are limited to a forested wetland of 
approximately 50 acres in the northem portion of the facility and emergent wetlands associated with 
tributaries and ddnage ditches that feed into Paddy's Run (DOE 1992d). The stretch of Paddy's Run 
adjacent to operable Unit 1 is characterized as an unvegetated stream channel incised into surrounding 
uplands. Unvegetated stream channels do not meet the wetland criteria and would be classified as 
"other waters of the United States." As such, they would not be protected by wetlands regulations, but 
remedial actions affecting them would still be subject to the substantive requirements of the Clean 
Water Act. 

E.3.2.6 DemomaDhv 
The FEW is located approximately 18 miles northwest of Cincinnati, and is the focal point of a 
regional market encompassing the following eight counties: Butler, Clermont, Hamilton, and Warren 
counties in Ohio; Boone, Campbell, and Kenton counties in Kentucky; and Dearbm County, Indiana. 
These eight counties also define the Cincinnati Consolidated Metropolitan Statistical Area. Population 
within the eight-county mempolitan area was more than 1.7 million in 1990, and within a 5-mile 
radius of the F" there was an estimated 22,927 residents. Labor force in the multi-county area was 
more than 920.000 with unemployment at approximately 5.5 percent in December of 1991. 

The cities of Hamilton and Fairfield are located six and eight miles northeast of the FEMP, 
respectively. Scattered residences and several villages, including Femald, New Baltimore, Ross, New 
Haven, and Shandon, are located near the FEW. Concentrations of residential units are situated 
(1) immediately north of the FEW, (2) in Ross, and (3) directly east in a trailer park at the 
intersection of Willey Road and State Route 128. Other residences are scattered around the area, 
generally associated with farmsteads. 
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The nearest resident is located within 0.75 mile from the Center of the facility. The nearest residences 
to the western FEh4P property boundary (the b u n d a 9  along the eastern side of Paddy's Run Road) 
are located along the western side of Paddy's Run Road. A dairy farm is located on Willey Road just 
outside the southeast comer of the FEMP property boundary (leased grazing areas include areas inside 
the FEMP property boundary). Several residences are located off Paddy's Run Road approximately 
0.5 mile south of the FEMP property boundary and along New Haven Road approximately 1 mile 
south of the FEMP property boundary. These residences are in the vicinity of the South Plume, a 
portion of the Great Miami Aquifer that contains a plume of uranium contamination that extends south 
of the FEMP property boundary approximately 0.75 mile. 

E.3.2.7 Land Use 
The land adjacent to the FEW is primarily devoted to open land use such as agriculture and 
recreation Agricultural activities include dairy, beef, com, and soy bean production (refer to Figure 
E.l-3). Commercial activity is generally restricted to the village of Venice (Ross), approximately 
3 miles northeast of the facility, and along State Route 128 just south of Femald. More than 
400 acres of the open land on the FEMP are currently being leased to local dairymen for livestock 
grazing. Pine plantations are located northeast and southwest of the former Production Area. A 
considerable amount of the land within the boundaries of the FEW are designated by the U.S. 
Department of Agriculture as prime agricultural land (USDA 1980, 1982). 

Several industries, including Delta Steel, Albright & Wilson Chemical Company, Ruetgers-Nease 
Chemical Company, two commercial gravel operations, and a cement plant, are located south of the 
FEhdP. Industrial use is concentrated along Paddy's Run Road, in the village of Femald. &d in a 
small industrial park on State Route 128 between Willey Road and New Haven Road. 

The Miami Whitewater Forest, a Hamilton County park is located within five miles of the FEMP. The 
former Camp Ross Trails, owned by the Great Rivers Girl Scout Council, is located approximately 1 
mile northeast of the FEMP. 

A security fence surrounds the entire FEW property, and a second line of fences surrounds several 
intemal mas. including Operable Unit 1. These fences are regularly pamlled by a full-time security 
force. These active (security patrols) and passive (fences) access controls are currently in place at the 
FEMP. No hunting or fishing is allowed on Operable Unit 1. 

E.3.2.8 Future Land Use 
It is difficult to develop reasonable future land use scenarios at government facilities. Because many 
current remedial alternatives include in situ, or continuing on-site waste management, a reasonable 
future land use scenario would be that the government retains control of the property and restricts 
access in perpetuity in order to prevent future exposures. This scenario is addressed in the Operable 
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Unit 1 Baseline Risk Assessment by evaluating risks to the off-property farmer from future Operable D u n i t i s o u a s .  

In addition, because of the uncertainty associated with future sociopolitical activities, it is prudent to 
evaluate the effect of future potential exposures assuming that the government loses control of the 
land. For the purposes of the risk assessment, "future land use" refers to the unrestricted use of the 
property. Because some of the land sumunding the facility is currently used for farming, it is 
reasonable to a s m e  that the FEW property could be used as farm land at some time in the future. 
Scenarios that assume loss of institutional controls provide the basis for determining the level of 
cleanup necessary in order to eliminate the need for ongoing institutional controls. 

E.3.2.9 Critical SubDoDulations 
According to the Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation 
Manual (Part A) (EPA 1989a). a baseline risk assessment must identify subpopulations of potential 
concern that could be at incmsed risk from radionuclide or chemical exposure from increased 
sensitivity, behavior pattern, and/or c m n t  or past exposures from other sources. These populations 
include infants and children, the elderly, pregnant and nursing women, individuals with chronic 
illnesses, and individuals previously exposed to chemicals or radionuclides during occupational 
activities or by residing in industrial areas. The current subpopulations of potential concern within 
five miles of the EEMP are identified below and are listed by the categories suggested by EPA 
(1989a). The information presented on sensitive subpopulations coven the area within five miles of 
the FEMP and covers the area within three to four miles of the leading edge of the South Plume. 
Within this distance from the South Plume the population difference based on 1990 census data is 
negligible and the descriptions of potential sensitive subpopulations are essentially the same. 
Subpopulations of potential concern are identified using 1990 census data. 

Schools - Nonhwest, Ross, and Southwest school districts provide public education 
from kindergarten through high school for children living within 5 miles of the FEW. 
The 1989-90 total enrollment in the six schools from these districts FEW was 3,316. 
No schools are located within 1 mile of the FEW. 

Davcare Centers - No daycare facilities are located within 1 mile of the FEW. Two 
daycare centers operate within the study area: 1) Ross County Day Nursery, with an 
average enrollment of 126 students per day and a total weekly enrollment of 180, is 
located north of the intersection of State Route 128 and U.S. 27 about two and one-half 
miles northeast of the center of the FEW, and 2) Venice Presbyterian Pre-School, with 
an average daily enrollment of 30 and a total weekly enrollment of 110, is located in the 
village of Venice (Ross) approximately 2 miles northeast of the center of the FEW. 

HosDitals. Nursing Homes, and Retirement Communities - No care facilities of these 
types operate within 5 miles of the FEW. 
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Residential Areas with Children - In 1988, approximately 58 adults and 29 children 
resided within 1 mile of the FIEMIP. Most of the residences within five mi!es of t k  

FEMP are scattered and reflect the agricultural setting of the area. Population 
concentrations include Ross, Harrison, Shandon, Femald, New Haven, New Baltimore, 
and one large trailer park. An estimated 8,140 children lived within 5 miles of the 
center of the FEhP in 1988. 

Commercial and Recreational Fisheries - No commercial fisheries operate within five 
miles of the center of the FEMP. Recreational fishing occurs on Whitewater Lake of 
the Miami Whitewater Forest Park. This heavily-stocked lake lies completely within 
five miles of the FEW. The Great Miami River supports no commercial fisheries in 
the vicinity of the FEMP, but recreational fishing occurs downstFern from the FEW. 
The Ohio Department of Health issued a fishing advisory for PCBs in bottom-feeding 
f s h  in 1989 based on data collected by Ohio Environmental Protection Agency (OEPA). 

Maior Industries Using Chemicals - No industrial facilities are located within one mile 
of the center of the FEW. Two companies located within two miles of the FEMP 
center, Ruetgers-Nease Chemical Company and Albright and Wilson, store and handle 
chemicals. Collectively known as the Paddy's Run Road Site, these facilities are 
classified as Comprehensive Environmental.Response, Compensation, and Liability Act 
(CERCLA) sites, are listed on the Comprehensive Environmental Response 
Compensation and Liability Information System (CERCLIS). and ii11: undergoing a state- 
led Remedial InvestigatioWFeasibility Study (RIPS). Proctor & Gamble has a research 
facility approximately two miles east of the FEW, which is listed on CERCLIS and has 
undergone a Screening Site Inspection by U.S. Environmental Protection Agency (EPA). 
Employees at these facilities are only considered a sensitive subpopulation if they reside 
within five miles of the FEW. 

Critical subpopulation, per se, are not evaluated quantatively in the Operable Unit 1 baseline risk 
assessment. This demographic information is used to select receptors for the exposure assessments 
which provide an upperbound estimate on exposures to these sensitive populations. For example, 
exposures to children in off-property schools or day care facilities are not quantitatively evaluated. 
However, after careful consideration of the circumstances surrounding these children, it is concluded 
that exposures to these receptors will be much lower than exposures to the on-property resident child 
because of his low body weight and the accessibility to higher concentrations of constituents. 

E.3.3 CONCEPTUAL SITE MODEL 
Conceptual site models facilitate consistent and comprehensive evaluations of the risks to human 
health by creating a framework for identifying the paths by which human health may be impacted by 
contaminants found at Operable Unit 1. The conceptual site models depict the relationships between 
six elements necessary to construct a complete exposure pathway, as follows: 

Sources and potential CPCs 
Release mechanisms 
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Transport pathways 
Exposure mechanisms and exposure routes 
Receptors 

Two conceptual site models were developed for Operable Unit 1 to provide the basis for identifying 
the potential risks to human health in the Baseline Risk Assessment. One conceptual site model 
considers the potenrial risks to human health from the current configuration of source terms and 
receptors (current conditions) and is discussed in Section E.3.3.1. The second model considers 
potential risks from a hypothetical future configuration of source terms and receptors (future 
conditions) and is discussed in Section E.3.3.2. 

The conceptual models developed for this assessment begin by considering the source terms assumed 
to be available, either currently or in the future. These source terms include buried wastes, exposed 
wastes, contaminated surface soil, or contaminated water in the open waste pits. Contaminants are 
released from these sources by mechanisms such as leaching to groundwater, erosion, volatilization, 
and overflow. Once released from the source(s), contaminants are transported in media such as air, 
groundwater, surface water, and sediment. Receptors may be exposed either directly or indirectly to 
conlamlMn ts in these media via a variety of mechanisms. The exposure mechanisms considered 
include using contaminated water for domestic and agricultural uses, raising plants and animals on 
contaminated soil. direct exposure to radiation, etc. These exposure mechanisms generally act along 
one or more exposure routes, such as ingestion or inhalation. 

The conceptual site models also indicate which exposure routes are camed through the quantitative 
risk assessment for each receptor under three land use definitions: current land use with access 
controls; current land use without access controls; and future land use. An objective of the 
development of the conceptual site model and analysis of exposure routes and receptors is to focus on 
those pathways and sources that contribute the most to the potential impacts on human health, and to 
provide the rationale for screening out other exposure pathways that are likely to pose minor risks. 

E.3.3.1 Concermal Site Model - Current Source Term 
Operations within the FEMP production area generated large quantities of liquid and solid wastes, and 
between 1952 and 1985, much of these wastes were disposed of in the waste storage area. The 
radiological and chemical wastes in Operable Unit 1 represent a potential source of environmental 
contamination. 

Operable Unit 1 is divided into eight waste pits and the surrounding soils. The eight waste pits are 
identified as Waste Pits 1 through 6, the Bum Waste Pit, and the Clearwell. At present, Waste pits 5 
and 6 and the Clearwell are filled with water, and the other waste pits are covered with soil caps of 
varying thicknesses. The& wbste,pits represent the primary sources of concern in Operable Unit 1. 

Detailed descriptions of each waste pit, including its use and characteristics, are provided in the body 
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of the RI Report. Subsurface soil outside the waste pits represents a minor source term in comparison 
9 the wastes buried in the waste pits, thus, are not evaluated in this assessment. 

In addition to the waste pits, surface soil both inside and outside of the waste pit boundaries has 
measurable levels of contamination available for transport via air and surface water erosion. These 
soils can also contribute to receptor exposures by direct contact, food chain, ingestion, and direct 
radiation pathways, and are therefore considered in the risk assessment. 

The current source term configuration used in this assessment reflects the physical state of the operable 
unit as it exists today. Land uses considered are current land use with or without access controls. The 
current conceptual site model, depicted in Figure E.3-2, is based on the following assumptions: 

Waste Pits 1.2, and 3, and the Bum Pit are covered with soil 
Waste Pit 4 is covered with a RCRA cap (polyethylene over 4 feet of compacted clay) 
Waste Pits 5 and 6 and the Clearwell are filled with water 
Mitration through the site does not change 
Surface water runoff is collected by the existing drainage system (Removal Action 2) 
Vegetative cover remains unchanged 
The effects of radiological and chemical decay of the source are assumed to be minimal 

The conceptual site model does not consider existing contamination in groundwater or off-site 
sediment, as these media will be addressed in the Operable Unit 5 risk assessment. Only soil, surface 
water, and waste pit material from within the boundaries of Operable Unit 1 are considered in this 
assessment, as are groundwater, surface water, and sediment contamination that has as its source the 
media within the boundaries of Operable Unit 1. 

E.3.3.1.1 Release Mechanisms 
Both solid and liquid source materials exist at Operable Unit 1. The release mechanisms for these 
sources are discussed separately. Sources containing solid materials are Waste Pits 1, 2, 3, and 4, the 
Bum Waste Pit, and remaining soil outside the waste pits themselves. Given the assumptions of the 
current source term model, release mechanisms acting on solid media are limited. Removal of 
exposed solid source materials can occur via wind erosion. Another mechanism releasing 
contaminants from solid wastes involves the emission of gases from the solid matrix as a result of 
either volatilization or radon generation. Releases via surface water runoff are not addressed in the 
current scenario, given the presence and assumed continued operation of the runoff control system. A 

secondary release mechanism from solid media is the uptake of contaminants in soil by plant roots and 
their subsequent ingestion (along with soil) by grazing cows should access controls be discontinued. 

Releases from liquid source areas (Waste Pits 5 and 6 and the Clearwell) are not addressed in the 
cumnt source term conceptual site model because the model is based on the assumption that the 
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existing runoff collection system remains in operation. One secondary release mechanism considered, 
however, is the ingestion by cows of surface water from the waste pits or Clearwell should access 
comls be discontinued. 

E.3.3.1.2 Transwr?/E xuosure Media 
Once released to the environment, CPCs can enter several media which then convey the contaminants 
to the vicinity of a receptor. Media transporting contamination from a source are called transport 
media in this assessment. Once contamination has been transported to the vicinity of a receptor, the 
receptor can be exposed during contact with one or more contaminated media. These media, called 
exposure media in this assessment, may or may not be the same media that originally transported the 
contamination to that location. The following subsections describe the transport and exposure media 
considered in this assessment. 

- Air 
Air can contain suspended particulates and/or gaseous contaminants that originate at Operable Unit 1. 
Bulk movement of air can then convey the particulates and gases to a receptor location. Thus air can 
Serye as both a transport medium and an exposure medium. 

Surface Water 
Surface water can contain contaminants in either dissolved or suspended form. Standing water is 
currently found in Waste Pits 5 and 6 and the Clearwell. This surface water can seme as an exposure 
medium. 

Under the Consent Agreement, EPA required an interim removal action to collect, transfer, and treat 
surface water runoff from the waste storage area prior to its discharge to the Great Miami River. As 
part of this removal action, a storm water runoff control system was created for the waste storage area. 
Operation of the runoff control system is considered as part of the baseline conditions for the Operable 
Unit 1 Baseline Risk Assessment for the current, but not the firture, exposure scenarios. 

The existing contamination in surface water bodies such as Paddy’s Run, the outfall ditch, and the 
Great Miami River is considered within the scope of Operable Unit 5 ;  however, the future impact of 
sources within Operable Unit 1 on Paddy’s Run and the Great Miami River via surface water erosion 
is included in the scope of the conceptual model for Operable Unit 1. Among the source terms are the 
surface soil within the Operable Unit 1 boundaries and the waste from the waste pits after their soil 
cover erodes away. 

Grazing Livestock and Food Cmos 
Domestically raised food can be contaminated in a variety of ways. The roots of vegetables and fruit 
can draw contaminants from the surrounding soil and pass them along to edible portions of the plant. 
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Under the current source term conditions, contaminants can also be deposited on plant surfaces by 
~eiia! deps i t i~f i  of d ~ t .  h iad pmdiicS. S E C ~  a~ k e f  & ~ d  aik, k ~ i i i e  ~ o r i i i f i ~ + d  wheii 
animals are fed contaminated food or water, or are grazed in areas containing contaminated soil. 
plants and animals can be moved from the source area to a receptor, they are considered both a 
transport medium and an exposure medium in this assessment. 

Since 3 

4 

5 

E.3.3.1.3 Exmsure Mechanisms and Exwsure Routes 6 

I 

8 

9 

10 

A receptor can come into contact with contaminants in a variety of ways, which are generally the 
result of interactions between a receptor's behavior or lifestyle and exposure medium. 
defines an exposure mechanism as a stylized description of the behavior that brings a receptor into 

This assessment 

contact with a contaminated medium. 

Exposure routes are divided into two types - internal exposure and external exposure. 
exposures occur when contaminants are introduced directly into the human body. 

Internal 11 

12 

13 

- 14 

15 

SOUrCe. 16 

These are 
inhalation, ingestion, and absorption across dermal surfaces. 
independently of any physical contact with a medium. 

External exposures can occur 
Such exposures are only considered for 

radionuclides and result from irradiation of an individual by penetrating radiation from a radioactive 

Immersion in Air 
This pathway is based on the scenario that a receptor is immersed in air that contains suspended 
particulates, gases such as radon, and volatile organic vapors originating in soil or waste. Subsequent 
exposures can occur either via inhalation or penetrating radiation. 

Aerial Demsition onto Soil and Plants. 
Ai&orne particulates tend to settle out of the air over time. When these particulates settle out over 
fannland. they can be deposited on the surfaces of plants or onto surface soil. This contamination can 
remain affixed to the outside of the plant or fall to the ground, where some will be absorbed through 
the plant's roots. These plants are then used directly as food, or are fed to livestock. Exposures can 
occur either through the direct (but incidental) ingestion of or dermal contact with contaminated soil; 
via ingestion of fruit. vegetables, meat, or dairy products; or via penetrating radiation. 

Direct Contact 
Receptors may come into direct contact with contaminated soil or waste pit material. During the 
receptor's period of contact, the individual may be exposed via inadvertent ingestion of a small 
amount of soil or waste or dermal absorption of certain contaminants. 
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Harvesting Cram and Livestock 
This exposure mechanism is based on harvesting contaminated food crops and/or animal products for 
human consumption. Food crops grown for human or animal consumption may become contaminated 
in several ways - via imgation with contaminated water or via uptake from contaminated soil. 
Contaminants in animal feed are subsequently bioaccumulated into edible tissue or milk, which can be 
ingested by local or distant residents. 

0 

Using Surface Water as Stock Water 
If access controls are discontinued, it would be possible for grazing livestock to enter the operable unit 
and drink from the standing water in Waste Pits 5 and 6 or the Clearwell. Milk from dairy cows or 
beef from cattle could be ingested by either local or distant residents. 

Recreational Use of Surface Water in Waste Pits 
If access controls are discontinued and local memory of the former uses of the property is lost, it is 
possible that local children could use the Clearwell for recreational purposes such as catching frogs or 
swimming. However, it should be noted that Waste Pits 5 and 6 are full of debris, and the water in 
the Clearwell is stagnant and laden with algae, therefore none of the water bodies is considered to be 

an attractive swimming location. Children could, however, be exposed accidentally via ingestion, 
dermal contact, inhalation of volatiles, and/or penetrating radiation. 

E.3.3.1.4 RmDtoS 
The receptors evaluated in the Operable Unit 1 risk assessment under the current source term 
configuration were selected by analyzing the interaction of current land use practices (Section E.3.2.7), 
the source term (Section E.3.3.1). and the presence or absence of access controls. The impacts of 
access controls on receptor selection, and the receptors who might reasonably be exposed using the 
current conceptual site model, are discussed below. 

ReceDtors Considered With Access Controls 
A security fence currently surrounds the entire FEW property, and a second line of fences surrounds 
several internal areas, including Operable Unit 1. These fences are regularly patrolled by a full-time 
security force. These active (security patrols) and passive (fences) access controls are currently in 
place at the FEW. During the past 40 years, these controls have proven successful in restricting 
unauthorized site access to intruders. No hunting or fishing is allowed in Operable Unit 1. 

Thus when access controls are in place, the only exposure points that are regularly accessible to 
receptors are off-property locations. Because of the current nature and extent of contamination and the 
environmental transport dynamics of the operable unit, off-property locations were limited to areas 
immediately contiguous to the site. These locations are thought to present the reasonable maximum 
exposure m) for this s c e n ~ q . +  . . / _ r  -. I 
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ntial for an occasional site visitor to be exposed to contaminated media at Operable -.There i 
Unit 1. These exposum, however, are considered to be intermittent in m ~ m .  

The receptors selected under the current land use/access controls configuration are based on the 
assumption that the federal government maintains the site, and no capital improvements are made. 
The following receptors are considered in the Operable Unit 1 risk assessment under the current source 
tern configuration: 

Off-Prouertv RME Farmer - This hypothetical receptor lives immediately adjacent to 
the FEMP boundary and is affected only by those contaminants that are subject to 
transport through environmental media. At the present time, there are no homes in this 
area of concern just west of the property boundary. 

Visitor - This hypothetical receptor is an adult aged 19 through 43 who regularly visits 
the Operable Unit 1 area on business over a 25-year period of time. Exposures may 
occur through direct contact with environmental media once inside the fence. Soil 
ingestion and dermal contact are not considered for this receptor, as the Risk 
Assessment Work Plan Addendum (DOE 1992a) as stated that this receptor would not 
disturb the soil in any way. 

Under the current source tern configuration, no other receptors are identified. 

ReceDtors Considered Without Access Controls 
This group of land users reflects the possibility that the current governmenWindustIial use of the 
property continues but with less perimeter security. Maintenance on the site is assumed to 'cease, but 
no capital improvements are made. The following are receptors who are considered to be reasonably 
exposed to the current levels of contamination: 

Off-Prouertv RME Farmer - As described above. 

TresDassing Child - This hypothetical receptor is an older child aged 6 to 17. Under 
the current land use scenario where access controls are eliminated, this receptor is 
assumed to play in the Operable Unit 1 m a ,  and can therefore come into direct contact 
with on-site, contaminated media. 

Off-huertv User of Meat and Milk - This receptor is an off-property resident who 
uses animal products from livestock grazed and watered on Operable Unit 1. It is 
described in the Risk Assessment Work Plan Addendum (DOE 1992a) as the on- 
property grazing receptor. The purpose of this receptor is to evaluate exposures to the 
subpopulation of people who might use beef and dairy products from animals exposed 
to on-property media. 

FauoUl Ruw. 1229AE3llW1-93 1 :48p 
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E.3.3.1.5 ComDlete Exwsure Pathways 1 

An exposure pathway is complete if it is determined that there is 1) a source or a release of chemicals 
from a source; 2) an exposure point where contact can occur, and 3) an exposure route by which 
conraminants are taken into the body. This section summarizes the complete exposure pathways that 
are quantitatively evaluated in the risk assessment and provides the rationale for those pathways that 

from the conceptual site model presented in Figure E.3-2. Risks will be calculated for each receptor 
under multiple exposure pathways. and the risks will then be summed to provide a total risk for each 
receptor. 9 

0 =. *- 2 

3 

4 

s 
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7 

8 

are not. Table E.3-1 presents a summary mauix of the complete exposure pathways and receptors 

E.3.3.1.6 Exwsures Under Current Land Use with Access Controls IO 

Under Current conditions, as considered under current land use with active access controls, only two 
receptors are evaluated. 12 

11 

The off-property RME farmer is the receptor who is considered to be the maximally exposed 13 

14 

IS 

exposures considered quantitatively for this receptor: 16 

individual under the current land use/access control scenario. This receptor, based on the modeling 
described in Appendix D, is located about 500 meters southwest of the Bum Pit. The following 

Inhalation of (off-~ro~ertv) ambient air containing radon, volatile organics. and 17 

I8 

19 

20 

21 

22 

RsDirable Darticulates PM-10 - Air concentrations are based on the modeling 
described in Appendix D. Volatile emissions from cloud immersion are not considered 
in this scenario, given their low concentrations in surface media, and penetrating 
radiation from cloud immersion is considered to be a minor exposure route for which 
there are no EPA-approved methods for calculation. 

Ingestion of vegetables and fruit affected bv aerial dewsition - Deposition of 
radionuclides and other contaminants adsorbed to suspended particulates on surface soil 
in which plants are grown or onto the vegetation itself results in absorption by the 
plants. The contaminants are derived from on-site surface soil and exposed waste pit 
material; off-property deposition information is derived via modeling of the suspended 
particulates. Other potential exposures resulting from the aerial deposition mechanism 
were considered to be minor routes of exposure (incidental ingestion of soil, dermal 
contact with soil. and penetrating radiation). 

23 
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n 
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Ingestion of meat and milk affected bv aerial disposition - Deposition of particulates 
could also indirectly affect meat and milk consumed by this receptor. 

31 

32 

33 

34 

Particulates 
deposited on soil and vegetation can be ingested by grazing cows, and contaminants can 
subsequently be biotransferred to meat and milk. 

Several other exposure routes were included in the conceptual site model but were not quantified in 
the risk assessment. Ingestion of beef and dairy products from cows grazed or watered on property 
was not considered because under current land use and access conditions, no cows get inside the inner 
security fence. Direct contact with contaminated surface soil or waste pit material is not considered 

35 

36 

37 

38 

* J  I 

,0468 
- , J $  

~ U 1 R v w . 1 2 2 9 A E 3 / l n O O l - ~  1 : 4 8 ~  (k-3: 17 



FEMP-OlRI-4 DRAFT 
Ocrober 12.1993 

because this receptor lives off-property and is not likely to come on property. Finally, again because 
the receptor is not assmed to come on the property. accidental exposures to surface water in ihe 
Clearwell were not considered. 

The other receptor evaluated under current land use and access controls conditions is identified as a 
site visitor. The definition of this receptor is based on the fact that th is  person lives remote from the 
site, and only experiences exposures when on property. The exposures evaluated for this receptor are 
extremely conservative, as Operable Unit 1 has no on-going commercial or industrial activities. The 
following exposure routes are addressed for the visitor: 

Inhalation of air containing radon gas. volatile orxanics. and respirable particulates (PM- 
10) - Resuspension of exposed waste pit material and surface soils, as well as emission 
of radon gas, are considered for this receptor. Penetrating radiation from the air itself, 
which could possibly occur, is considered to be a minor exposure route. 

Proximal exwsure to soil and waste Dit material - Once inside the security fence, the 
site visitor could be exposed to contaminated surface soil and exposed waste pit material 
under current site conditions. However, visitors are not expected to disturb the soil and 
be exposed via ingestion or dermal contact, so only penetrating radiation exposures are 
considered. 

This receptor is not assumed to ingest any plant or animal products grown on the property, nor is it 
considered likely that such a visitor would experience anything other than an accidental exposure to 
surface waters in the waste pits and Clearwell. 

E.3.3.1.7 Exwsures Under Current Land Use Without Access Controls 
If the government should retain ownership of the property, yet decrease site security, the number of 
receptors potentially exposed to Operable Unit 1-related contamination increases. as do the number of 
exposure routes that come into play. Three receptors are considered under these conditions. 

The fim receptor considered is the off-property RME farmer. This receptor’s exposures under this 
scenario are identical to those for current land use conditions with access controls. No additional 
exposure routes are considered. 

The second receptor is a trespassing child. This receptor is exposed only via direct contact or via 
inhalation of volatile, gaseous, or particulate emissions. The potential exposure to surface water in the 
Clearwell is considered, but was not included in the final quantitative exposure assessment because the 
water in the Clearwell is not suitable for regular recreation such as swimming. The water contains 
heavy algal growth, and exposures would most likely be accidental. Based on exposure times and 
intake rates, these acute exposures were judged to be insignificant in the total risk experienced by this 
receptor. 
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The third receptor considered, if current land use should continue without access controls, is the pff- 
property user of meat and milk from cows grazed on-property. This is a distinct pathway that could 
affect sensitive subpopulations living far from the FEW. The following pathways are considered: 

Inpestion of meat and milk contaminated via mot uptake - Without access controls, it 
is possible that cows could graze in the vicinity of Operable Unit 1. In this case, 
contaminants in soil could be taken up by plant roots either directly or via aerial 
deposition. These feed crops (and some attached soil) would be ingested by cows, and 
contamination could be passed on to the consumer via beef or milk. 

Ingestion of meat and milk contaminated via surface water ingestion - It is also 
possible, should access conmls be discontinued, that cows could ingest water from the 
Clearwell or Waste Pits 5 and 6. Contamination in these waters could be passed on to 
consumen via beef or milk. 

E.3.3.2 ConceDtual Site Model - Future Source Term 
The future source tenn configuration is purely hypothetical. It assumes that the operable unit becomes 
part of a homestead, and is developed by considering both the site's current configuration and the 
processes that would act on it if all maintenance activities were discontinued. The future conceptual 
site model, shown in Figure E.3-3, is based on the following assumptions: 

0 

0 

0 

a 

0 

a 

a 

a 

a 

The cover material over Waste Pits 1 and 2, and the Bum Waste Pit remains intact. 
The Waste Pit 4 polyethylene cap degrades and the clay material is exposed. 
Waste Pits 5 and 6 are only half-filled with water, and the other half of the waste pits' 
surface areas consist of exposed waste pit material as a result of evaporation or 
infiltration. 
Sediments on the bottom of the Clearwell remain covered with water because of its 
depth and steep sides. 
The cover material over Waste Pit 3 settles and buried wastes are exposed. 
Waste Pits 1 and 2 are irrigated and used to gmw crops and animal feed. 
Infiltration through the site is altered by the changes in the water levels in the waste 
pits. the degraded cover of Waste Pit 3, and the use of imgation on Waste Pits 1 and 2. 
Excess surface water runoff flows to Paddy's Run. 
Vegetative cover is consistent with local agricultural practices and ecological succession. 
A house is placed on the most stable Waste Pit (Pit 4), and a well is drilled at the 
location producing the maximum risk. 

The future scenario configuration is developed as described above for a number of reasons. Pits 5 and 
6 a~ assumed to be half-filled with water and have exposed waste material because the current waste 
"topography" is uneven and higher on one end than the other. Therefore, if water were to evaporate or 
infiltrate waste could be exposed. Half the area was used as an example. 

Sediments in the Clearwell are assumed to remain covered with water. The sides of this pit are steep, 
and removal of part of the water would not result in exposure of sediments on the bottom. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

m 
21 

22 

23 

24 

25 

26 

n 
23 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 

E-3-19 



FEMP-OlRI-4 D W  
October 12.1993 

2 4 It was assumed that the cover over Pit 3 would settle because the pit material is semi-solid and 
therefore unstable. This instability is a s s i e d  to affect the integrity of the wver materid, leading io 
searing and erosion of its exposed contents. In addition, because this pit is the largest in surface area 
and volume, exposing its contents is a conservative assumption. 

3 

4 

The covers of Waste Pits 1.2. and 4 and the Bum Pit were not assumed to erode in the future 

primarily of solid (dry) wastes. Solid wastes are assumed to be more stable and less likely to settle 
and result in failure of the cover. Waste Pit 4 is covered with a RCRA cap (4-foot thick clay and 
polyethylene liner) that is assumed to significantly reduce or eliminate erosion of waste material. 
Waste Pits 1 and 2 and the Bum Pit a covered with soil and are assumed to be vegetated which 
significantly reduces erosion. I I  
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7 
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IO 

scenario. This assumption was made because the materials deposited within these waste pits consists 

Of all  the pits, Pit 4 is considered to be the most stable. In addition. the groundwater beneath Pit 4 is 12 

13 the most contaminated, therefore the installation of a well at this location was selected to be 
conservative. By default then, the home would also be constructed on this pit. However, the RCRA - 14 

cap and high concentrations of contaminants in the pit material would retard grass growth, so topsoil 1s 

16 was assumed to be emplaced after construction is complete. 

Finally, since the resident farmer is being evaluated, the only area left for growing crops is Pits 1 
and 2. Their adjacent location makes this a suitable area. It was assumed that the caps remain intact, 18 

19 otherwise, crop growth would be unlikely to occur. 

As with the current source term model, the conceptual site model does not consider existing 
groundwater. surface water, and sediment contamination, which are within the scope of Operable 
unit 5. 22 

m 
21 

E.3.3.2.1 Release Mechanisms 23 

Solid source areas are subject to additional release mechanisms from those considered for the current 
source term, as a result of the changed configuration that is assumed for these scenarios. 
to the mechanisms that apply to the Current source term models, the following mechanisms are 

24 

25 

26 

In addition 

considered: n 

9 Chemicals in solid source areas are subject to leaching by infiltrating rainwater. 28 

29 Chemicals in solution may migrate beyond the physical boundaries of the source area. 

Exposed waste pit materials can be released via surface water erosion, if the runoff 30 

31 collection system is no longer in operation. Constituents in the sources can be 
dissolved and transported in either ionic or colloidal form. 
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Sources that primarily contain liquids include Waste Pits 5 and 6 and the Clearwell. Under the future 
source term definition, the liquids in these sources may leach through the bottoms or sides of the 
individual units and eventually reach the groundwater. The liquids can also be transported via surface 
water runoff if the waste pits overflow. Escaped liquids can then flow over the ground surface and 
enter local drainage features, where they can flow in conjunction with the surface water. 

The source terns considered for the groundwater transport modeling are limited to those materials that 
leach from the waste material and cover material inside the waste pit boundaries. Subsurface soil 
material located outside the waste pits exhibit much lower contaminant concentrations, and therefore 
are not considered in the modeling (see Appendix D). 

E.3.3.2.2 Transwrt/E xuosure Media 
Because different site conditions are considered for the future source tern, additional transport and 
exposure media must be considered for this conceptual site model. 

Surface Water 
In addition to the standing water described for the current source term configuration, surface water 
plays another role at this operable unit. Under the Consent Agreement, EPA required an interim 
removal action to collect, transfer, and treat surface water runoff from the waste storage area prior to 
its discharge to the Great Miami River. As part of this removal action, a storm water runoff control 
system was created for the waste storage area. It is felt that these engineering conmls a~ not 
permanent, therefore operation of the runoff control system is considered as part of the baseline 
conditions for the Operable Unit 1 Baseline Risk Assessment for the current, but not the future, 
exposure scenarios. 

Without the existing runoff contml system, surface water could flow over the ground surface and cany 
dissolved or suspended contaminants to the Great Miami River via Paddy’s Run. Paddy’s Run itself is 
not considered to be a resetvoir of surface water because of its intermittent flow in this area. 
Therefore, surface water is considered to be both a transport medium and an exposure medium. 

Groundwater 
Groundwater can contain dissolved contaminants that have leached from the source areas. The 
principle source of potable water in the vicinity of the FEW is the Great Miami Aquifer. which is 
located beneath most the FEMP and Operable Unit 1 .  The bulk flow of groundwater in this aquifer 
can convey contaminants to local and distant receptors. Thus groundwater can serve as both a 
transport medium and an exposure medium under this scenario. 

Transport mechanisms to the groundwater can potentially contaminate the aquifer from source terms in 
Operable Unit 1. The source terns inc!uded in groundwater transport modeling are limited to leaching 
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from the waste material inside the waste pits. Leaching from the surface and subsurface soils (outside 
of the waste pits) h Operable Unit 1 is not included in the groundwater transpoft modeiing because 
these sources exhibit far lower contaminant concentrations and quantities of contaminants than the 
waste pit wastes themselves. 

The depositional characteristics and the hydrostratigraphic units present beneath Operable Unit 1 
impart the following general contaminant transport characteristics to solutes migrating from the 
individual waste areas. 

Solute migration potential - The fractured nature of the weathered tills confer a high 
migration potential for solutes. Solute migration can also occur through the 
unweathered till, but at a much slower rate. Once the solute reaches the glacial 
outwash. the solute migration potential is high, based on the high hydraulic conductivity 
of the matrix. 

Aquifer intercommunication - The glacial environment limits the intercommunication 
between perched water-bearing zones. Communication between the upper water-bearing 
zones within the till and the Great Miami Aquifer is likely over an extended period of 
time. Communication between upper and lower zones within the Great Miami Aquifer 
will be extremely limited due the presence of 10- to 20-foot thick clay aquitard. 
Therefore, transverse (vertical) dispersion will be the only mechanism for contaminant 
migration between the upper and the lower zones. 

Adsorption/attenuation characteristics - The layers found within the glacial overburden 
generally have sufficient organic carbon content to cause retardation of organic 
constituents. The clay mineralogy would result in significant cation retardation for 
inorganic constituents. Given the till matrix, it is also unlikely that all of the-available 
sites for adsorption would be used by solutes; therefore, it is unlikely that 
adsorption/attenuation breakthrough would occur. Adsorption/anenuation will occur at 
lower rates in the regional aquifer due to the lower organic carbon and clay content in 
the outwash. 

Based upon the general hydrogeologic and contaminant transport charactenstics, there is a potential 
pathway from the waste areas through the vadose zone to the regional aquifer. Given the high energy 
depositional characteristics of the glacial outwash, the pathway would extend from the aquifer-vadose 
interface to downgradient receptors. 

Perched Water 
Perched water is found in the vadose zone above'lenses of less permeable soil. While the volume and 
quality of the perched water in the Operable Unit 1 area precludes its use as a consistent water supply, 
EPA Region V has requested that risks from drinking water be quantified for any perched water 
detected beneath the FEMP. Therefore, perched water is included as an exposure medium in the 
conceptual site model for the future source term configuration. Perched water can also serve as a 
transport medium for contaminants to reach the underlying Great Miami River. 
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Sediment 
Sediment is created by the erosion of soil and/or waste material by flowing surface water. The future 
source term configuration is based on an assumption that the existing runoff control system is no 
longer in operation, and therefore that the impacts of eroded sediment on Paddy's Run and the Great 
Miami River are considered. Sediment is mated only as an exposure medium in this assessment 
because the bulk movement of surface water actually transports the sediment downstream. 

Grazing Livestock and Food ~ D S  

In addition to the transport/exposure media discussed for the current source term configuration, another 
aspect should be considered. Not only can food crops become contaminated via aerial deposition, they 
can also become contaminated via imgation with contaminated groundwater or surface water (e.g., 
Great Miami River). This scenario is considered in the future source tern evaluation. 

E.3.3.2.3 Exwsure Mechanisms and Exwsure Routes 
In addition to the routes of exposure addressed for the Current source tern configuration (air 
immersion, aerial deposition onto soil and plants, direct contact, harvesting crops and livestock, using 
surface water as stock water, and accidental exposure to surface water in the waste pits), several other 
mutes of exposure must be considered for the future source term. These are addressed in the 
following paragraphs. 

Using Water from Shallow Well for Drinking 
Perched groundwater at Operable Unit 1 lacks the volume and water quality necessary for use as a 
consistent water supply, although it is possible that limited use could occur. EPA Region V has 
requested that exposures to perched water be addressed. Therefore, ingestion of water from a shallow 
well installed in the perched water zones beneath Operable Unit I is included in the risk assessment in 
only the future source tern model. The water to be used is considered to be derived from leaching 
through soil and waste pit material. 

Using Water from Aauifer for Drinking, Domestic, and Agricultural Pumoses 
Groundwater in the Great Miami Aquifer has historically been used as the water supply in the vicinity 
of the FEMP. This exposure mechanism entails using this water to supply a small farm for all uses 
(ingestion, showering, cooking, irrigation of food crops, imgation of animal feed, and stock water). 
Multiple exposure mutes are considered - ingestion. dermal contact, inhalation during showering, and 
ingestion of food that has been directly or indirectly contaminated. Penetrating radiation from 
contaminated water was qualitatively eliminated from consideration because of the types of 
radionuclides reported, their low concentrations, and the shielding power of water. 
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Proximal Emsure  
Exposures from radioactive material can occur when an individual is near or "proximal" to a 
radioactive source. Physical contact with a contaminated exposure medium is not necessary. These 
exposures increase as a receptor gets closer to the source of the radioactivity, so the exposures are 
related to the distance from the source. Penetrating radiation is the major concern in Operable Unit 1. 

Usinn the Great Miami River for Drinking. Domestic, Agricultural, and Recreational Pumses 
The Great Miami River is large enough to serve as a water supply for a small fm located near its 
banks. This water could be used for drinking, showering, cooking, imgation of food crops, imgation 
of animal feed, stock water, and recreational purposes such as swimming and fishing. Exposure routes 
could include ingestion, inhalation during showering, demal contact, and food ingestion (including 
fish). Penetrating radiation from contaminated water was qualitatively eliminated from consideration 
because of the types of radionuclides reported. their low concentrations, and the shielding power of 
water. 

E.3.3.2.4. ReceDtors 
The future exposure scenarios consider predicted levels of contamination, the activities of future 
receptors, and the access restrictions placed on these hypothetical receptors. Because contamination 
can migrate through environmental media over time, the number of receptors and locations that may 
be of concern incmases. Future exposure scenarios are grouped into current land use without access 
comls and future land use categories. 

ReceDtors Considered Under Current Land Use Without Access Controls 
This group of land users reflects the possibility that governmental or industrial use of the property 
continues. but without perimeter security. Maintenance on the site is assumed to cease, but no capital 
improvements are considered. All receptors are considered to be exposed to predicted levels of 
contamination based on the site conditions described in Section E.3.4.1. The following receptors are 
considered: 

Off-ProDertv RME Fanner - This hypothetical receptor is assumed to live immediately 
adjacent to the FEW property boundary. This receptor is affected only by those 
contaminants that are subject to environmental transpon. 

TresDassinn Child - This hypothetical receptor is an older child aged 6 to 17. He is 
not restricted by access controls, and therefore is considered to frequently play on the 
property. Direct contact with contaminated media can occur. 

Great Miami River User - This receptor lives immediately adjacent to the Great Miami 
River, downstream of the site. The major concern for this receptor is the exposure that 
could occur from regular use of the river water for drinking. domestic, agricultural, and 
recreational purposes. 
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Off-PrODertv User of Meat and Milk - This receptor is an off-property resident who 
uses animal products from livestock grazed and watered on Operable Unit 1. It is 
described in the Work Plan Addendum (WPA) (DOE 1992a) as the on-property grazing 
receptor. 

ReceDtors Considered Under Future Land Use 
Governmental use and control of the property could cease at some time in the future. This could 
conceivably allow individuals to enter the property, improve it, and take up permanent residence. In 
addition, contamination can migrate through environmental media over time. This increases the 
number of receptors and locations in which exposure could occur. Receptors who could be exposed if 
governmental use of the property ceases and it is released to the public with no restrictions are.: 

On-ProDem RMJZ Resident Adult - This receptor is an adult living and working on 
property. This adult uses water from an on-property well for drinking and domestic 
purposes, and consumes vegetables, fruit, meat, and dairy products produced on site. 

On-PrO~em RIVE Resident Child - Young children living on property are a 
subpopulation of concern because they may be more sensitive to a given exposure than 
an adult. A young child (0 to 6 years age) residing on former FEW property could be 
exposed directly to unremediated on-property soil and waste storage areas as a result of 
either natural environmental processes or human activities. This hypothetical child is 
assumed to use water from an on-property well for drinking and domestic uses, as well 
as to consume vegetables, fruit, meat, and dairy products produced on site. 

On-ProDem Central Tendencv (CT) Resident Adult - This scenario considers the risks 
to an on-property adult resident exposed via the same pathways as the RME .resident 
adult, but with exposure parameters that are more representative of a central tendency. 
This scenario is evaluated to estimate risks that may be more representative of a 
typical future on-property resident. 

On-ProDerty Home Builder - This receptor is assumed to be a construction worker or 
future resident involved in building a home in the Operable Unit 1 area. 

E.3.3.2.5 ComDlete Exwsure Pathwavs 
This section summarizes the complete exposure pathways for the future source'term conditions (i.e., 
erosion of caps, no operational runoff control system, and under future land use a home built on- 
property). Complete exposure pathways considered in the risk assessment are summarized in Table 
E.3-2. In Section E.5, risks will be determined for each complete exposure pathway, and all pathways 
will be summed for each receptor. 

E.3.3.2.6 Ex~osures Under Current Land Use without Access Controls 
As with the current source term evaluation, the RME receptor under this scenario is the off-property 
resident. Again, this receptor is exposed only to those contaminants that are transported to the 
receptor location. The following exposure pathways are considered in the risk assessment: 
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2 l C  

Domestic use of mundwater - Assuming that the waste pits and the Clearwell 
continue to exist and act as source m a s  of conm.hation, downgradient pmdwateer 
supplies could eventually be affected. Groundwater that is contaminated via leachate 
generation from the waste storage area could migrate to a downgradient receptor 
location. There a well could be installed to serve a home, and the residents could be 

3 

4 

5 

6 exposed via ingestion, inhalation of volatiles and/or radon emitted during showering. and 
demal contact-during bathing or showering. 

Aericultural use of mundwater - This pathway assumes groundwater is used to grow 
food. Irrigation of crops and animal feed results in foliar deposition of contaminants 
onto plants and uptake on contaminants by plant roots. These plants are later harvested 
and eaten by humans or fed to livestock. This livestock also ingested soil contaminated 
by aerial deposition. Meat and milk from these animals are later consumed by humans. 

Inhalation of radon, volatiles. and Darticulates - Fugitive dust and gaseous emissions 
from the waste pit area could migrate off property and affect local residents. These 
receptors would not only be exposed directly to these emissions via inhalation, but could 
also be exposed via fallout onto soil and plants. The contaminants in the fallout could 
be transfemd to edible plant material, and reach the receptor upon ingestion. 

Food Contaminated bv Aerial Dewsition - This pathway assumes aerial suspension of 
exposed soil/waste, followed by foliar deposition onto plants. These plants are later 
harvested and eaten by humans. These plants are also used as forage and stored feed by 
livestock. Meat and milk from these animals are later consumed by humans. 

Several other pathways are considered for this receptor, but are determined to present a minimal risk 
in comparison with the above pathways. These include inhalation of volatiles (the source 
concentration in surficial materials is minimal) and exposures to water in the Great Miami River 
(receptor is assumed to not leave his home on a routine basis). 

A trespassing child was also considered under the future source term/current land use configuration. 
This receptor is assumed to be exposed soil, waste pit materials, air, and sediment while on property 
or playing in Paddy's Run. as follows: 

Direct exwsure to soil and waste Dit contents - Given the lack of access controls 
considered under this scenario. a trespassing child could routinely be exposed to surface 
soil and exposed waste pit materials. Penetrating radiation exposures from either buried 
or exposed radioactive materials is considered to be a significant route of exposure, as 
are incidental ingestion and dermal contact with soil or exposed wastes. 

Inhalation of radon, volatiles, and PM-10 Daniculates - While the concentrations of 
volatiles are not expected to be significant for a local receptor based on the modeling 
results, the presence of radon and particulates could result in a quantifiable exposure. 
The air concentrations to which a receptor could be exposed are based on the modeling 
discussed in Appendix D. 
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Direct contact with sediment in Paddy’s Run - With the runoff conml system no 
longer in operation, soil could be eroded from the site and enter Paddy’s Run. At this 
point, trespassing children are the most likely receptors. They could be exposed via 
incidental ingestion or via dermal contact. Penetrating radiation exposures to these 
dispersed source materials would be less significant. Surface water exposure is not 
considered, as Paddy’s Run is not a permanent flowing sueam in the vicinity of 
Operable Unit 1. 

The trespassing child is assumed to use off-site water sources unaffected by contamination from 
Operable Unit 1 as potable water supplies, and therefore would not experience ingestion, inhalation, or 
demal contact exposures, nor would he be exposed indirectly through ingestion of fruit, vegetables, 
meat, or milk contaminated via aerial deposition or on-site grazing or watering. For reasons 
mentioned previously (i.e., algae), exposures to water in the Clearwell would be limited to accidental, 
irregular acute exposures that result in a minor risk in comparison to the pathways described above. 

The third receptor considered under the future source term, current land use scenario is the Great 
Miami River user. This receptor was developed to provide information on risks incurred by distant 
(hypothetical) Teceptofs whose only mode of contact with Operable Unit 1 contamination is via runoff 
of soil and surface water to Paddy’s Run and the Great Miami River, where unsuspecting receptors 
could be exposed. The following exposure pathways are considered: 

Domestic use of Great Miami River water - The Great Miami River is a water body of 
adequate size and reliable supply to provide a source of potable water for a home 
located on the river. Receptors in this home could conceivably be exposed via 
ingestion, inhalation of volatiles and radon during showering, and dennal contact while 
bathing. Penetrating radiation in this supply would result in a minimal risk. 

Agricultural use of Great Miami River water - This pathway assumes Great Miami 
River water is used to grow food. Imgation of crops and animal feed results in foliar 
deposition of contaminants onto plants and uptake on contaminants by plant roots. 
These plants are later harvested and eaten by humans or fed to livestock. This livestock 
also ingested soil contaminated by aerial deposition. Meat and milk from these animals 
are later consumed by humans. 

Exmsure while swimming - It is likely that persons swimming in the Great Miami 
River could experience both an incidental ingestion and a dermal exposure to 
contaminants originating at Operable Unit 1. Sediment exposure is not considered, as 
Paddy’s Run has not been shown to transport contaminated sediment all the way to the 
river. 

Ingestion of fish from the Great Miami River - Local residents could catch fish in the 
river whose edible tissue has bioaccumulated Operable Unit 1 -related contaminants. 
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The final receptor considered under the future source tern, current land use scenario is the off- 
pmpefty user of meat and milk produced on site. The exposure pathways for this isoiated receptor are 
discussed in Section E.3.3.6.2, and are listed below: 

Ingestion of meat and milk contaminated via root uptake from soil and subsequent 
grazing 

Ingestion of meat and milk contaminated via aerial deposition onto soil and feed crop 
plant surfaces 

Ingestion of meat and milk contaminated via direct ingestion of surface water by cows 

E.3.3.2.7 Exwsures Under Future Land Use 
This scenario involves a completely separate set of receptors, as discussed in Section E.3.3.2.4. The 
purely hypothetical scenario involves construction of a home on property (exposure of a construction 
worker) and on-site residents (adults and children) living in the vicinity of Waste Pit 4. A well is 
assumed to be drilled to supply the domestic and agricultural needs of this family. These scenarios are 
also included in Table E.3-2 and are summarized below. 

There are two scenarios evaluated for the on-site adult resident fanner, as outlined previously. The 
first is the RME scenario, which is intended to evaluate the reasonable maximum exposures that would 
be expected to occur, the second is the (X scenario, which is intended to evaluate a more central 
tendency set of exposures. In addition, an on-property resident child is also considered. The exposure 
pathways evaluated for the on-property resident fanner and child are as follows: 

Domestic use of groundwater from the Great Miami Aauifer - This scenario is based 
on the assumption that a well could be installed at some time in the future. should all 
governmental control of the property cease. This well is assumed to be drilled in the 
vicinity of Waste Pit 4, which contains the highest concentrations of contaminants. The 
contaminant concentrations used in this scenario are based on modeling to ascertain the 
risks associated with only the Operable Unit 1 source areas. Actual concentrations are 
addressed in the Operable Unit 5 risk assessment. A receptor is assumed to be exposed 
via ingestion, inhalation of volatiles during showering, and dermal contact while bathing. 
As mentioned under the current source term model, penetrating radiation from water 
would result in an insignificant exposure for which no calculation methods exist. 

APricultural use of Great Miami Aauifer water - This pathway assumes Great Miami 
Aquifer water is used to grow food. Imgation of crops and animal feed results in foliar 
deposition of contaminants onto plants and uptake on contaminants by plant roots. 
These plants are later harvested and eaten by humans or fed to livestock. This livestock 
also ingested soil contaminated 
are later consumed by humans. 

by aerial debsition. Meat and milk from these animals 
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Ingestion of water from the Derched aquifer - Because this aquifer does not contain 
enough water to provide a continuous supply of potable water, only ingestion was 
considered to evaluate exposures to this water, at the request of EPA Region V. The 
contaminant concentrations to which receptors could be exposed are based on the results 
of the groundwater modeling discussed in Appendix D. 

Inpestion of meat and milk Droduced on DroDerty - Several variations of this exposure 
pathway are considered for the on-propexty resident, as for the off-property user of meat 
and milk. These scenarios are 1) root uptake by feed crops from buried or exposed 
waste pit wntents and 2) direct ingestion of on-property surface water by cows. The 
meat and milk from these cows would be ingested by on-property residents. 

Inpestion of food contaminated bv aerial dewsition - This pathway assumes aerial 
suspension of exposed soillwaste, followed by foliar deposition onto plants. These 
plants are later harvested and eaten by humans. These plants are also used as forage 
and stored feed by livestock. Meat and milk from these animals are later consumed by 
humans. 

Direct contact with soil or waste Dit material - While routinely engaged in fanning 
activities (adults) or playing on-property (children), receptors could experience an 
exposure to contaminated surface soil (Waste Pits 1. 2, 4, and the Bum Waste Pit) or 
exposed waste pit material (Waste Pits 3, 5 ,  and 6). Exposures could occur via 
incidental ingestion or dermal contact. 

Proximal exwsure to buried or exmsed radioactive sources - This exposure scenario 
inwxporates exposures to either buried or exposed radioactive pit materials. 

Direct contact with sediment - It is also possible that adult receptors only (the resident 
child receptor is assumed to be aged 6 and under, and Paddy’s Run is 1,OOO feet from 
the home site) could come in contact with contaminated sediment in Paddy’s Run if the 
runoff control system is no longer in operation. Exposures could occur via incidental 
ingestion and dermal contact. however, these exposures are expected to be infrequent in 
comparison to exposures around the home and fields. 

In addition, it is assumed that the adult receptors would not swim in the remaining surface water on 
pmprty (the Clearwell or Waste Pits 5 and 6) given the assumption that these water bodies are only 
half-filled with water and contain debris and algae. Small children living on property are also 
assumed to not be exposed, as they are too young for unsupervised swimming and the water bodies 
are not attractive. It is recognized that intermittent, accidental exposures to surface waters could occur, 
but that the intakes from these exposures would be minimal in comparison to those from the routes 
and pathways described above. 

Other potential pathways such as penetrating radiation from air or from materials deposited on plant 
surfaces would be insignificant. 
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The home builder (construction worker) was also evaluated for this scenario. This receptor is assumed 
io be exposed only whiie on pmperiy, and io use -unaffected off-property sources for potabie water 
supply and food. Therefore, hisher only exposures are assumed to be related to direct contact 
scenarios, as follows: 

Proximal exmsure to buried waste Dit contents - Exposure to penetrating radiation 
from these source areas could occur while the receptor is involved in construction 
activities of a limited duration. 

Direct contact with surface soil - This exposure pathway considers the potential 
exposures of an on-property home builder. Exposures could occur via incidental 
ingestion of or dermal contact with non-radiological contaminants. 

Inhalation of radon, volatiles. and Darticulates - While the surfkial concentrations of 
volatile organic chemicals are minimal, exposures to radon and particulates could be 
signifcant. These exposures are assumed only to occur during the limited time this 
receptor is on property. 

E.3.4 EXPOSURE POINT CONCENTRATIONS 
The exposure point concentration is the concentration of a contaminant in an exposure medium that 
may be contacted by a real or hypothetical receptor. Determination of the exposure point 
concentration depends on several factors, such as: 

Availability of data 
Amount of data available to perform statistical analysis 
Background concentrations not attributed to the site 
Location of the potential receptor. 

Current exposure concentrations for Operable Unit 1 are determined in two different ways. First, 
measured concentrations are used for current potential exposures to the waste pits and surrounding 
surface soils. Second. measured concentrations are used as input to air transport models. To be 
consistent with the concept of the RME scenario, an estimate of the highest exposure that can 

reasonably be expected to occur requires a reasonable maximum estimate of the concentration of each 
contaminant in each exposure medium. Because of the uncertainty associated with any estimate of 
exposure concentrations. the upper 95 percent confidence limit on the arithmetic mean for either a 
normal or lognormal distribution is the recommended statistic (concentration value) to be constructed 
from m e a s u d  contaminant concentration data and used in risk assessments (EPA 1992~). This term 
is generally called the upper confidence limit (UCL). The methodology used to calculate the UCL is 
discussed in Section 7.1.1 of the Work Plan Addendum (DOE 1992a), and summarized in Section 
E.2.0 of this repoxt. 

For future exposures to soil, groundwater, or air, surface soil and subsurface soil concentrations 
(u&) were used to approximate exposure point concentrations. Fate and transport models presented 
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in Section 5.0 of the Operable Unit 1 RI Report were used to predict exposure point concentrations for 
future exposures to groundwater, surface water, and sediment, and for exposures to selected 
constituents in air. In addition, equilibrium conditions are considered for radionuclides. 

Several of the scenarios evaluated incorporate an area-weighted average concentration rather than 
waste pit-specific results. These types of scenarios, such as the adolescent trespasser or the site visitor, 
are based on the assumption that a receptor will move throughout the site. Therefore, an overall 
average UCL concentration is considered appropriate as an exposure concentration. 

E.3.4.1 Surface Soil 
Exposure point concentrations for current surface soil exposure pathways (such as the site visitor) are 
the UCLs determined from measured surface soil data. Table E.3-3 presents both the CPCs and the 
UCLs that are used to assess the exposures associated with surface soil at Operable Unit 1. These 
surface soil concentrations are also used in the future source term to evaluate exposures to crops 
grown on pits 1 and 2. 

E.3.4.1.1 Radioactive Contaminants 
Fourteen radionuclides were detected in Operable Unit 1 surface soils. Eight of these are naturally 
occumng radionuclides from the uranium, thorium, and actinium decay series (U-238, U-235, U-234, 
Th-232, Th-230, Th-228, Ra-226, and Ra-228). The remaining radioisotopes (Cs-137, Sr-90, Tc-99, 
h-238, h-239/240, and Np237) are produced by nuclear processes such as those found in a nuclear 
reactor. The radionuclides reported in the highest concentration art U-238, U-234, and Th-230. 

E.3.4.1.2 Chemical Contaminants 
The chemicals listed for evaluation in this risk assessment reflect the results of comparing on-propeny 
concentrations to background concentrations. Sixteen metals and Aroclor- 1254 were detected in 
Operable Unit 1 surface soils and selected as CPCs. While several metals were present at 
concentrations only slightly greater than the background concentrations (e.g., arsenic), uranium was 
found at a notable concentration of 52.2 m a g .  

E.3.4.2 ExDosed Waste Pit Material 
The eight waste pits contain a heterogeneous mix of chemicals reflecting the history of the processes 
canied out at the FEW. These waste pits contain materials which can migrate through groundwater. 
In addition, if the caps and covers over these waste pits erode or are disturbed during construction of a 

home, the contents of these waste pits will be exposed, and exposures could occur in the same way as 
to surface soils. Thus, this assessment considers the UCLs of the subsurface soils and wastes in 
combination with the existing surface soil as the exposure point concentrations for future. In the 
future source ten conceptual site model, the waste in Waste Pits 3.5, and 6 will be exposed, but the 
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soil covers will remain intact over the remainder of Operable Unit 1. Table E.34 presents the waste 
pit soivwaste mncentrations i h t  are used hi the future exposure scenarios. 

E.3.4.2.1 Radioactive Contaminants 
In the future, radioactive decay will alter the detected concentrations in Operable Unit 1. To account 
for this, only those nuclides with half-lives greater than 25 years are explicitly evaluated. All 

shorter-lived nuclides are assumed to be in equilibrium with their longer-lived precursors and are 
included when risks to the parent nuclide is evaluated in the risk characterization phase of this 
assessment. Twelve radionuclides with half-lives greater than 25 years were detected in concentrations 
exceeding background levels in Operable Unit 1 waste pit sludge/soils. Six of these (U-238. U-235, 
U-234, Th-232, Th-230, and Ra-226) are naturally occumng radionuclides from the uranium, thorium, 
and actinium decay series. The remaining radioisotopes (Cs-137, Sr-90, Tc-99, Pu-238, Pu-239/240. 
and Np237) are produced by nuclear processes such as those found in a nuclear reactor. The 
radionuclides reported in the highest concentrations are U-238, U-234, and Th-230. 

E.3.4.2.2 Chemical Contaminants 
The chemicals listed for evaluation in this risk assessment reflect the results of applying the screening 
techniques described in Section E.2.0 of this appendix. Four distinct groups of chemicals were 
detected at significant levels: 1) polycyclic aromatic hydrocarbons (PAHs); 2) polychlorinated 
biphenyls (PCBs); 3) dioxins and furans; and 4) metals. A total of 22 metals were detected in the 
three waste pits of concern and the remaining surface soils and were selected as CPCs, as well as two 
PCBs. six PAHs. seven dioxins/furans, pentachlorophenol, and tetrachloroethene. Because the future 
land use scenarios are based on the assumption that exposures could occur throughout the source area, 
an area-weighted average concentration was developed using the full area of Waste Pit 3 and other 
soils, and one-half the area of Waste Pits 5 and 6 (assuming half the waste pit material is exposed). 

E.3.4.3 Waste Pit 4 Material 
The future land use scenario considers the possibility that a home could be constructed on Pit 4, which 
is physically the most stable area of Operable Unit 1. I t  is assumed that once construction is 
complete, that topsoil would be emplaced for lawns. The pit is currently covered with a RCRA cap 
and synthetic cover, which are unsuitable for vegetative growth. 

E.3.4.3.1 Radioactive Contaminants 
Fourteen radionuclides were detected in the contents of Pit 4. As discussed in Section E.3.4.1.1, 
several of these are naturally occurring radionuclides. As with the other future scenarios, only 

nuclides with half-lives greater than 25 years are evaluated. Therefore, only 11 radionuclides were 
selected for this exposure S C ~ M ~ ~ O .  
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E.3.4.3.2 Chemical Contaminants 
The chemicals selected as CPCs for quantitative evaluation include 18 metals and 30 organics. The 
organics include numerous PAHs, dioxins, furans, and PCBs. 

E.3.4.4 Buried Pit Materials 
Several of the defined exposure S C ~ I M ~ ~ O S  require the evaluation of penetrating radiation risks from 
buried waste pit contents. The buried contents of the waste pits produce radiation which can expose 
humans on the ground surface. To assess the magnitudes of these exposures, a computer code called 
Microshield (Grove Engineering, 1987) is used, as required by the W A  (DOE 1992a). 

Microshield is capable of calculating the radiation dose rate for a variety of source and shield 
geometries, source materials, shield materials, and shield thicknesses. A limited amount of input 
information is required. Required input for Microshield includes information on the source, the types 
and Concenvations of radionuclides present in the source being modeled, the shape and physical 
dimensions of the source and its cover (if any), and the density and physical makeup of the source and 
cover, and the distance form the source to the receptor. 

The inventory of radionuclides is determined using the CPC tables in Section E.2.5. The physical 
characterization data required is obtained from the nature and extent section of the RI. The physical 
dimensions of the buried sources and any cover they may have is determined from the waste pit cross- 
sections provided in the RI. In most cases, the sources investigated have irregular shapes. A 
cylindrical source geometry with a volume and surface area equivalent to the irregularly shaped source 
is used for these calculations. This geometry produces the maximum dose rate for a given surface 
area. The distance to the receptor point is assumed to be one meter above the ground surface at the 
center of the source. 

Microshield IUIIS are performed on both current and future source term configurations as shown in 
Tables E.3-6 and E.3-7, respectively. The results of these computer runs are presented in Table 3-8. 

E.3.4.5 On-Pro~ertv Surface Water 
Three open waste ponds located in Operable Unit 1 currently contain standing water. Weighted 
average exposure point concentrations for current surface water exposure pathways are based on the 
UCLs determined from measured surface water data. Table E.3-9 presents the measured and weighted 
average concentrations from these ponds which are used to assess the current exposures associated 
with surface water currently in Operable Unit 1, such as watering of livestock. Table E.3-10 presents 
the concentrations for the future scenarios, which were adjusted using the reduced surface areas. 
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E.3.4.5.1 Radioactive Contaminants 
Nine radionuclides were detected in ihe three ponds. The highest reported UCLs are associated with 
U-238 , U-234, and Tc-99. Of these, Tc-99 is of particular concern because of its mobility and ability 
to move through the human food chain. Concentrations of this nuclide are highest in the Clearwell 
and Waste Pit 6. 

E.3.4.5.2 Chemical Contaminants 
The list of chemicals detected in surface water includes eleven metals and benzene. Analytes found at 
the highest concentrations are vanadium and zinc, which were found at maximum concentrations of 
approximately 100 g/L. The weighted average concentrations of most metals were not above the 
MCLS. 

E.3.4.6 Off-ProDenv Surface Water 
Constituent concentrations the Great Miami River were predicted using fate and’transport modeling. 
Table E.3- 11 lists the chemicals evaluated in the risk assessment and their predicted concentrations for 
the future source term. Section 5.0 of the Operable Unit 1 RI Report describes the model and 
modeling results in detail. 

E.3.4.6.1 Radioactive Contaminants 
The potential concentrations of eleven radionuclides in the Great Miami River are based on the 
assumption that the existing runoff control system no longer functions. Only U-238, U-235, U-234, 
Tc-99 are predicted to be present in the river at levels that are detectable using standard analytical 
techniques. All but U-238 and Tc-99 would be indistinguishable from background. 

E.3.4.6.2 Chemical contaminants 
All the chemicals of significance (toxic or carcinogenic compounds) detected in surface soil were 
modeled via surface water and sediment transport into the Great Miami River. With the exception of 
uranium, most concentrations are well below standard analytical detection limits. 

E.3.4.7 Sediment 
Contaminants in sediments currently found in Paddy’s Run are being assessed by Operable Unit 5 ,  
therefore, exposure point concentrations for future sediment exposures associated with contributions 
from Operable Unit 1 determined by modeling. Table E.3-12 presents the predicted sediment 
concentrations with sediment assumed to exist in Paddy’s Run in the future. 

E.3.4.7.1 Radioactive Contaminants 
Radioactive contaminant concentrations in the sediment of Paddy’s Run are predicted, through 
modeling, to be dominated by U-238, U-234, and Th-230. The greatest concentration listed in Table 
E.3-12 is associated with U-238. and the least with Pu-239/240. 
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E.3.4.7.2 Chemical Contaminants I 

The chemicals listed for evaluation in this risk assessment reflect the results of applying the screening 
technique described in Section E.2.0 of this appendix. All the chemical concentrations predicted in 
Paddy's Run are the same as the surface soil concentrations. 

D 2 

3 

4 

E.3.4.8 Groundwater 5 

Current groundwater contamination is being assessed by Operable Unit 5.  The Operable Unit 1 risk 6 

1 

8 

assessment is limited to investigating the future migration of groundwater from the sources within the 
operable unit boundaries and include evaluation of both the perched water and the Great Miami 
aquifer. 9 

Future exposure point concentrations for groundwater are determined from the results of geochemical 
and groundwater transport modeling, as described in Section 5.0 and Appendix D of the Operable Unit 
1 RI Repon The geochemical and gmundwater models and parameters are designed to provide high 

10 

I I  
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14 

confidence that the risks attributed to the transport of contaminants in the groundwater will not be 
greater than the calculated values. These results are conservative and are not likely to actually occur. 

This assessment focuses on chemicals that contribute significantly to the risks associated with 
groundwater exposures. This is done by examining predicted chemical concentrations in leachate 
seeping through the vadose zone (Section 5.1 of the Operable Unit 1 RI Report). A chemical 
carcinogen was selected for aquifer modeling and a detailed risk evaluation if its predicted 
concentfation in the leachate before dilution in the aquifer was greater than 10 percent of EPA Region 
In screening values (EPA 1993b). which are based on an ingestion rate of 2 L/day for 30 years. or a 
lo4 risk. Since there are currently no screening levels for radionuclides, screening levels were 
developed for the drinking water pathway using a target risk of 
water ingestion rate of 2 L/d over 70 years. The volume of water in the aquifer dilutes chemical 
concentrations in the leachate by at least a factor of 10, so the concentrations of carcinogens that were 
not selected are estimated to contribute risks of no more than lo'*. Noncarcinogens were selected if 
the estimated concentration in the water would yield an intake equal to 10 percent of the screening 
value for noncarcinogens assuming the leachate was ingested at a rate of 2 L/day for 70 years. 
Dilution by aquifer water ensures that the exposure point concentrations of noncarcinogens that were 
not selected for a detailed evaluation will be less than 1 percent of the allowable intake for the 
noncarcinogen. 
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Table E.3-13 presents the predicted concentrations in groundwater both on property and just beyond 
the downgradient FEMP property boundary line. This table also includes the maximum contaminant 
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concentrations in the perched water beneath the site. Development of the exposure concentrations via 
modeling was discussed in detail in Appendix D. The locations of calculated maximum on- and 
off-property risk associated with groundwater exposure shown in Figure E.3-4. ) 



FEMP-01RI4 DRAlT 
October 12.1993 

This table also includes the maximum predicted contaminant concentrations in the perched water 
beneath the site. kvelopment of the exposurz mncenuations was discussed hi detail in Appendix D. 

E.3.4.8.1 Radioactive Contaminants 
In the perched water, U-234, U-235, U-238, Th-232, and Tc-99 are predicted at the greatest 
concentrations. Concentrations were converted to activities in Table E.3-13. The maximum 
concentration are occurring at the present time. 

The groundwater modeling results predict that three isotopes of uranium and Tc-99 will be of concern 
for hypothetical future on-property residents. The activity of U-238 in three times greater than the 
activity of all other mdionuclides together. The maximum risk is predicted to occur about 680 years 
from the beginning of the modeled period. 

Only isotopes of uranium and Tc-99 are predicted to reach the off-property boundary in concentrations 
which might be detectable by standard analytical techniques. Of these radionuclides, U-238 is 
expected to exhibit the highest activity in the hypothetical off-propeny well. These are predicted to 
occur about 680 years from now. 

E.3.4.8.2 Chemical Contaminants 
The results of the groundwater modeling produce a list of chemical constituents that includes both 
inorganics and organics. The principal inorganics include uranium, nickel, and boron in the perched 
aquifer. Based on existing concentrations in individual wells in the Greater Miami aquifer, arsenic, 
and barium m also found significant concentrations. 

Only two organic compounds (tetrachloroethane and dichlorodifluoromethane are predicted to reach 
the Greater Miami aquifer. Vinyl chloride and Aroclor-1221, both of which passed the screening 
criteria, were not predicted to be present at the time of overall maximum risk (630 years). 

E.3.4.9 Air 
Airborne concentrations of contaminants from the waste storage areas of Operable Unit 1 were 
modeled for both current and future conditions at on-property and off-property locations. The model 
assumes mass loading (fugitive dust emissions) from surface soil, gas emission (radon and volatiles) to 

the air from each waste pit area, and the subsequent transport and dispersion of these contaminants. 
The model and parameters for air dispersion are described in Section 5.0 of the Operable Unit 1 RI 
Report. 

Table E.3-14 lists the current on-property and off-property air concentrations for the current source 
term conditions, and Table E.3-15 lists those estimated for the future source term conditions. The 
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chemicals listed for evaluation in this medium are those listed as C P C s  in the surface soil and/or 
exposed waste pit materials. The locations of calculated maximum risk are shown in Figure E.3-4. 

Only the PM-10 fraction was modeled. Actual deposition rates were not modeled for the Operable 
Unit 1 area, but a maximum deposition velocity and rate based on a worst case rate determined for the 
active flyash pile (Operable Unit 2) was used in food chain calculations. 

E.3.4.9.1 Radioactive Contaminants 
The highest annual average current air concentrations are used to evaluate potential exposures. Rn-222 
currently produces the greatest on- and off-property concentrations, with no other radionuclide being 
within two orders of magnitude. Both on- and off-property maxima were reported. 

The highest annual average future air concentrations are used to evaluate potential future exposures. 
These concentrations are generated from the future source term soil concentrations. Off-property air 
concenmtions are less than the on-property concentrations by one to two orders of magnitude for most 
radionuclides. 

E.3.4.9.2 Chemical Contaminants 
The list of chemicals selected for air modeling included chemicals detected in surface and/or 
subsurface soil and waste pit material. The primary chemical contaminants for the air pathway include 
barium, manganese, nickel, and vanadium. Under future conditions, uranium and arsenic are also 
predicted at the receptor locations at notable concentrations. The concentrations of all organics are on 
the order of lo-' mg/m3 for both current and future conditions. 

E.3.5 PUANTIFICATION OF EXPOSURE 
Estimates of exposure are based on the contaminant concentrations at the exposure points (described in 
Section E.3.4) and scenario-specific assumptions and intake parameters. The models and equations 
used tD quantify intakes are described in the Risk Assessment Work Plan Addendum (DOE 1992a) and 
have been obtained from EPA risk assessment guidance (EPA 1989a). In cases where models were 
not available from EPA, models developed by the U.S. Nuclear Regulatory Commission (NRC) 
Regulatory Guide 1.109 (NRC 1977) were used. 

The method used to quantify chronic exposures at the FEMP employs the concept of the RME for 
each of the four land use/source term scenario combinations. The RME is the maximum exposure 
reasonably expected to occur at the site (EPA 1989a). If the RME is determined to be acceptable, 
then it is likely that all other lesser exposures at the site will also be acceptable. Exposures for the on- 
property resident are also evaluated using the CT analysis. This analysis represents exposures under 
more typical situations and exposure parameters are selected accordingly. 
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are dependent on measured or predicted concentrations of chemicals in environmental media ' 1  
an6 iocd land-use practices, and both aie subject 10 change over time. This resuits in a iarge num'oer 
of possible combinations of media, receptors, exposure pathways, and concentrations. Tables E.3-1 
and E.3-2 presented the combinations of receptors, land-use conditions, and concentrations (cumnt or 
future) evaluated in this exposure assessment. 

2 1 
3 

4 

5 

Exposure model parameters used in the Operable Unit 1 risk assessment are presented in Tables 6 

7 E.3-16 and E.3-17 for the current and future source term receptors, respectively. AU parameters and 
equations are discussed in the FEMP Risk Assessment Work Plan Addendum (DOE 1992a) unless 
noted otherwise. 

a 

Current and predicted future exposure point concentrations. which are combined with 9 

10 receptor-specific exposure parameters, are used to calculate intakes and risks. 

This section presents the equations used to quantify the magnitude of exposure expected to result from 
all reasonable exposure pathways at the FEW. Exposures are quantified using a set of equations and 

I I  

12 

13 

- 14 

IS 

parameters which are unique to each exposure pathway. The exposure assessment process results in 
calculated daily intakes expressed as milligrams of chemical per kilogram of body weight per day 
(mg/kgd) for hazardous chemicals and radioactivity intakes (expressed in pCi) for radionuclides. 

E.3.5.1 Eauations Ouantifvinr! Intakes and Exwsures to Soil or Sediment. 

E.3.5.1.1 Incidental Ingestion 
The estimation of intake of contaminants in soils or sediment is determined using the concentration in 
the soil or sediment at the location of interest. Evaluation of the soil and sediment ingestion pathway 
is performed for adults and children. Children represent a critical subpopulation for whom these 
exposure pathways may be significant. EPA guidance suggests that children may be exposed through 
the soil ingestion pathway at ages 1 through 6 (EPA 1989a). It is assumed that ingestion of sediments 
in stream beds away from the home involves slightly older children at ages 6 through 17. Evaluation 
of the soil/sediment ingestion pathway is performed using Equations 7-7 and 7-8 from the FEMP 
Assessment Woric Plan Addendum (DOE 1992a): 

16 

(radionuclides) 1,; = ( CSi)(IR)(ED)( EF)(FI) (E.3-1) 26 

(chemicals) 1,; = (c,;>(IR)(CF)(FI)(EF)(ED)/(BW)(AT) (E.3-2) n 

where 28 

ISi = intake from soil or sediment for contaminant i (pCi, rad) (mgkg-d, chem) 29 

Csi = concentration of contaminant i in soil or sediment (Pci/g. rad) (mg/kg, chem) 30 

IR = ingestion rate (g/d, rad) (g/d, chem) 31 

CF = conversion factor kg/g 32 

FI = fraction ingested from contaminated source (unitless) 33 

ED = exposure duration (y) 35 
4 EF = exposure frequency (d/y) 

0489 
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BW = body weight (kg) 
AT = averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y); for chemical 

carcinogens, AT equals (70 yhfetime) (365 d/y) 

E.3.5.1.2 Demal Contact 
The estimation of intake of organic contaminants in soils or sediment via absorption through the skin 
is determined using the concentration in the soil or sediment at the location evaluated. Evaluation of 
the dermal absorption pathway is performed for adults and children. Children represent a critical 
subpopulation for whom these exposure pathways may be significant. EPA guidance suggests that 
children may be exposed through the dermal contact pathway at ages 1 through 6 (EPA 1989a). It is 
assumed that contact with sediments in stream beds away from the home involves slightly older 
children at ages 6 through 17. Dermal absorption from these sources is calculated using Equation 7-25 
of the FEMP Risk Assessment Work Plan Addendum (DOE 1992a): 

where 
AB,, = 
csi = 
SA = 
A F =  
ABS = 
c F =  
E F =  
ED = 
BW = 
AT = 

amount of i* constituent absorbed during contact with soil or sediment (mg/kgd) 
concentration of i* constituent in soil or sediment (mg/kg) 
skin surface area available for contact (cm2/event) 
skin adherence factor (mg/cm2> 
absorption factor (unitless) 
conversion factor, (10" kg/mg) 
exposure frequency (events/y) 
exposure duration (y) 
body weight (kg) 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y); for chemical 
carcinogens, AT equals (70 ybifetime) (365 d/y) 

E.3.5.1.3 Direct Radiation Exmsure 
The estimation of direct radiation exposure from soils or sediment is determined using the 
concentration in the soil or sediment at the location evaluated. Since the publication of DOE 1992a. 
EPA has published a new set of slope factors (EPA 1992b). Changes in these slope factors require the 
use of a different equation than the one originally presented in DOE 1992a to calculate risks resulting 
from external radiation exposures from soils. The new equation is: 

TX = time dependent activity concentration (pCi-y/g-lifetime) 
C, = concentration in surface soil or sediment @Ci/g) 
ED = exposure duration (y/lifetidpe) 
EF = exposure frequency (d/y) ' ' ' ' 
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ETh = exposure time indoors on-site (h/d) 
=out = exposure time outdoors on-site (Nd) 
Si = indoor shielding factor (0.5, from Risk Assessment Work Plan Addendum) 
So = outdoor shielding factor outdoors (0, assumes no shielding) 
CF = 1.142 x 104y/h 

Radionuclides are not evaluated as a dena l  exposure because their mechanism of action differs (Le., 
penetrating radiation differs from dermal absorption). Dermal absorption of organic chemicals was 
discussed in the preceding section. 

E.3.5.2 Eauations OuantifvinP; Intakes and Ex~osures from Water 

E.3.5.2.1 Water Ingestion Pathway 
A receptor can ingest water by deliberately drinking it, or by accidentally swallowing water while 
swimming. An estimate of intake from ingesting water is calculated from Equations 7-3 and 7 4  of 
DOE 1992a. The intake equations are: 

where 
- - Iwi 

Cwi  = 
IR = 
R =  
EF = 
ED = 
BW = 
AT = 

(E.3-5) 
(E.3-6) 

intake of i* contaminant from drinking water (pCi, rad) (mag-d ,  chem) 
concentration i* in water (pCi/L. rad) (mg/L, chem) 
ingestion rate (L/d) 
fraction ingested from source (unitless) 
exposure frequency (d/y) 
exposure duration (y) 
body weight (kg) 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y [EPA 1991~1); 
for chemical carcinogens, AT equals (70 ybifetime) (365 d/y) 
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E.3.5.2.2 Volatiles Released bv Showering and Other Household Water Uses 26 

n 
28 

29 

The amount of a chemical taken into the body via exposure to volatilization of chemicals from. 
showering is evaluated using the concentration of a chemical in the water source, as suggested by EPA 
(1992a; 1992b). Intake from the volatilization of chemicals in household water is calculated using the 
Andelman model (EPA 19910: 30 

(radionuclides) lwai = (Cwi)(K)(IR,)(EF)(ED) (E.3-7) 31 

(chemicals) I,, = (Cwi>(K)(I~)(EF)(ED)/(BW)(AT) (E.3-8) 32 

E-3-40 



where 

B La = c,= 
% =  
K =  

E F =  
E D =  
BW = 
AT = 

b 
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intake of volatile in water from inhalation @Ci, rad) (mg/kg-day, chem) 
concentration of constituent i in water @Ci/L, rad) ( m a ,  chem) 
volatilization factor (0.5 L/m3) 
indoor inhalation rate (m3/d) 

exposure duration (y) 

averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y [EPA 1991~1); 
for chemical carcinogens, AT equals (70 y/lifetime) (365 d/y) 

exposure frequency (W) 

body weight (kg) 
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For most metals and, hence, most radionuclides at the FEMP, volatilization is not a significant 
pathway because they do not vaporize at room temperature. The notable exceptions are the isotopes of 

11 

12 

radon. 13 

E.3.5.2.3 Dermal Contact While Bathing or Swimming 14 

IS 
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19 

The estimation of intake of contaminants in water via absorption through the skin is detemined using 
the concentration of a chemical in the water some evaluated. Evaluation of the dermal absorption 
pathway is performed for both adults and children. The amount of a chemical taken into the body 
upon exposure via dermal contact is referred to as an absorbed dose. The absorbed dose is calculated 
using the dermal guidance contained in EPA 1989a. EPA 1992e, and EPA 1 9 9 2  

where 

Ls 
DAevent 
Ev 
SA 
EF 
ED 
BW 
AT 

intake through skin from showering (mg/kg-day) 
absorbed dose per event (mg/cm2-event) 
event frequency (evenvd) 

exposure frequency (d&) 
exposure duration 6) 
body weight (kg) 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y); for 
chemical carcinogens, AT equals (70 ybfetime) (365 d&) 

surface area (an2) 
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where 

C, = concentration in the vehicle (mgh) 
= permeability cmtant  (cW) 

B = partitioning coefficient (unitless) 
ttVd = time of event (h) 
z = Pi (3.14) 
t* = time to equilibrium conditions (hr) 

For showering the vehicle is domestic water, and for swimming the vehicle is river water. In either 
case, C, equals concentration in the water (G). For most metals and, hence, most radionuclides in 
Operable Unit 1, dermal absorption is not a significant pathway because penetration through the skin is 
minimal. 

E.35.3 Eauations Ouantifying Intakes and Exposures from Inhalation 
The amount of a contaminant a receptor takes in as a result of respiration is determined using the 
concentration of a chemical m the air. Quatiom 7-5 and 7-6 firm DOE 1992, are used to quanhfy 
intake from the inhalation pathway: 

where 
- I, - 

c, = 
I R =  
m =  
E F =  
E D =  
BW = 
AT = 

(E.3-12) 
(32.3-13) 

intake from inhalation @Ci, rad) (mg/kg-d, chem) 
concentration in air @Ci/m3, rad) (mg/m3, chem) 
inhalation rate (m3/h> 
exposure time @/d) 
exposure w u e n c y  (W) 
exposure duration (y) 
body weight (kg); and 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d/y) 

E.35.4 Eauations Ouantifying Intakes and Exmsures from Food 
Consumption of contaminated food may contribute a measurable portion of the chemical intake 
experienced by a receptor from Operable Unit 1 at some time in the future. The food sources 
evaluated in this assessment include vegetables and fruit, beef, dairy products, and fsh. 
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Transport through the food chain to humans is a concern at this operable unit, mainly under future 33 

34 conditions. 
Within the operable unit. However, in the future, animals could be released within the operable unit to 

Under current conditions humans are not expected to directly ingest vegetation growing 
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graze. In addition, contaminated water could be used to irrigate crops or feed, or used to water 
livestock. By these mechanisms, contaminants could find their way into the human food chain. D 
Contaminant concentrations in food can be estimated using the equations presented below. These 
methodologies are taken fkom the Work Plan Addendum (DOE 1992a). 

E.3.5.4.1 Vegetable and Fruit Ingestion 
The amount of a contaminant a receptor takes in as a result of consuming vegetables and fruit is 
determined using the concentration of a chemical in the edible portions of the plants. 

The concentration in vegetables and fruit attributable to contaminated irrigation water is estimated 
using Equation 7-9 from the FEMP Risk Assessment Work Plan Addendum (DOE 1992a): 

where 

P 
'W 

t 
tbw 
th 
Y 

e %h (E.3-14) 1 Cvwi  = d w  [R PA& 

r,(l -e -u*) ~,,,B~~~,CF~<I -e + 

concentration of i" contaminant in plants as a result of irrigating plants with 
contaminated water (mg, rad) (mg/kg, chem) 
effective depletion constant of i" contaminant on the surface plants also 
known as the weathering removal rate 
radioactive or chemical decay constant of i" contaminant (h-') 
soil depletion constant (h-') 
dry soil to wet plant partitioning coefficient of i* contaminant (c~Jc,) 
irrigation deposition rate (pCi/m2-h, rad) (mg/m2-h, chem) 
fraction of year plant is irrigated (unitless) 
effective dry surface density of the soil (g/m2, rad) (kg/m2, chem) 
fraction of water borne material retained on plant surface (unitless) 
growing season (h) 
duration of irrigation use (h) 
duration of period between harvest and consumption (h) 
agricultural yield (g/m2, rad) (kg/mz, chem) 

The soil depletion coefficient is calculated by 

Ad = 1, + 1, (E.3-15) 

where the leaching coefficient (h) is calculated using the relationship (Baes and Sharp 1983): 
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(E.3-16) 1 

and where 
h. = Leach rate @-') 
V,,, = Percolation rate (nominally 0.0044 cm/h through Pits and 2)  
z = Depth of surface soil (15 cm) 
6 = Density of soil in mot zone (nominally 1.5 g/cm3) 
Kd = water to soil partitioning coefficient (cm3/g) 
8 = Moisture k t i o n  of surface soil (measured at 0.17) 

Vegetables Contaminated by Aerial Dmsition 
Eating vegetables and fruit contaminated by aerial deposition of contaminated dust can contribute to. 
the total intake of contaminants by humans. If measured concentrations in the plants are not available 
(e.g. future exposures), this concentration is estimated using Equation 7-10 from the FEhdP 
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Assessment Work Plan Addendum (DOE 1992a). The equation used to estimate contaminant 
concentrations in vegetation is: 

r 1 

(E.3-17) 

where 

c,, = 

h , =  

concentration of the i" contaminant in/on vegetables and fruit @Ci/g, rad)(mg/kg, 
chem) 
effective depletion constant of i* contaminant on the surface plants, also known 
as the weathering rate 
soil depletion constant (hr-') 
radioactive or chemical decay constant of i" contaminant @-') 
= dry soil to wet plant partitioning coefficient of i" contaminant <c,/c,> 
dry to wet weight conversion factor (0.428, food crops) (1.0. feed and forage) 
concentration of i" contaminant in plants as a result of dust deposition on plants 
and surrounding soil @Ci/g, rad) (mug, chem) 
constituent's deposition rate @Ci/m2-h, rad) (mg/m2-h, chem) 
fraction of year plant is down wind (unitless) 
fraction of airborne material retained on plant surface (unitless) 
growing season @) 
duration soil is exposed to airborne emissions (h) 
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$, 
Y = agricultural yield (g/m2, rad) (kg/m2, chem) 
p 

= duration of period between harvest and consumption (h); and 

= effective dry surface soil density (e2, rad) (kgtm2, chem) 

Equations 7-5 and 7-6 from DOE 1992 are used to quant@ intake from the crop ingestion pathway: 

where 
- 

Iayi -. 
c,, = 
I R =  
F I =  
E F =  
E D =  
BW = 
AT = 

intake from vegetation @Cis rad) (mg/kgd, chem) 
total concentration of contaminants in vegetable @Ci/g, rad) ( m a g ,  chem) 
ingestion rate (g/d, rad) (kg/d, chem) 
fraction ingested from contaminated source (unitless) 
exposure frequency (d/y) 
exposure duration (y) 
body weight (kg) 
averaging time (d); for noncarcinogens, AT equals (ED) (365 dty); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d/y) 

E.3.5.4.2 Beef Innestion 
Beef (and milk) can become contaminated in three ways at this facility. The first way is through use 
of contaminated water 8s stock water. The second is by aerial deposition of contaminants on feed 
crops or forage, and the third is by direct ingestion of soil while grazing. 

Beef and Dairy Products Produced with Contaminated Stock Water 
This scenario assumes that water is used for stock water and irrigation of feed. Animals drinking the 
water ingest contaminants directly. Plants irrigated with water take up constituents via root uptake, 
and direct deposition onto exposed surfaces by irrigation water. If measured values are not available 
(e.g., future exposures), this concentration can be calculated using the methodology set forth in the 
FEW Risk Assessment Work Plan Addendum (DOE 1992a). The concentration of a contaminant in 
animal products, such as beef or milk, is estimated using the following equation: 

(E.3-20) 

where 

C, = Concentration of i" contaminant in the animal product @c~/L for milk, K i /g  for beef, 
rad) (mg/L for milk, mg/kg for beef, chem) 

C, = concentration of i& contaminant in feed (pCi/g, rad) ( m a g ,  chem) 
c$, = concentration of contaminant in water @Ci/L, rad) ( m a ,  chem) 
FAi = element (stable) transfer c&icient that relates the daily intake by an animal to the 

concentration of i" contaminant in an edible portion of the animal product (d/L for 
milk, d/g for meat) 
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Qf = consumption rate of contaminated feed by livestock (g/d, rad) @@day, chem) 
Qw = consumption rate of contaminated stock water by livestock (4d) 
X, = radioactive or chemical decay constant of i* contaminant Cn-Ij 
t,, = duration of period between harvest and consumption (h) 

.-. 

Meat or Milk Downwind of Source 
Forage, feed, and soils downwind of a potential source of contaminated dust can have contamination 
deposited on them by settling dust. Ingestion of these plants by livestock contributes to the body 
burden of these contaminants in livestock. Consumption of meat or milk from these animals 
contributes to the total intake of these contaminants by humans. The magnitude of the contaminant 
exposure by humans depends, in part, on the concentration of the constituent in the animal products. 
If measured values are not available (e.g. future exposures), this concentration can be calculated using 
the methodology set forth in the FEMP Risk Assessment Work Plan Addendum W E  1992a). The 
concentration of a contaminant in animal products, such as beef or milk, is estimated using the 
following equation: 

(E.3-21) 

where 

C, = concentration of i* contaminant in the animal product @c~/L for 

C, = concentration of i* contaminant in feed W g ,  rad) ( m a g ,  chem) 
Cagi = concentration of i* contaminant in forage (pCi/g, rad) (mg/kg, chem) 
C,, = concentration of i" contaminant in soil @Ci/g, rad) (mg/kg, chem) 
FAi 

Ki/g for beef, 
rad) ( m a  for milk, m a g  for beef, chem) 

= elemental transfer coefficient that relates the daily intake by an animal to the 
concentration of i* contaminant in an edible portion of the animal product (d/L for 
milk, d/g for meat) 

= consumption rate of contaminated feed by livestock (g/d, rad) (kg/day, chem) 
= consumption rate of contaminated forage by livestock (g/d, rad) (lcg/day, chem) 
= consumption rate of contaminated soil by livestock @Id, rad) @/day, chem) 
= radioactive or chemical decay constant of i* contaminant (h-') 

Qf 
Q, 
Q 
h, 
t,, = duration of period between harvest and consumption (h) 

If measured values for the concentrations of constituents in stored feed are not available (e.g. future 
exposures), this concentration is estimated using Equation 7-9 from the FEMP Risk Assessment Work 
Plan Addendum (DOE 1992a). The equation is: 
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where 

C- = concentration of i* contaminant in plants as a result of irrigating plants with 
contaminated water (pCi/g, rad) ( m a g ,  ch") 

& = radioactive or chemical decay constant of i contaminant (h-') 
A,,, = effective depletion constant of i~ contaminant on the surface plants also known as the 

weathering removal rate @-'I 
hdi = soil depletion constant (hr-') 
B,(,)= dry soil to wet plant partitioning coefficient of i" contaminant (c~Jc,) 
CFp = dry to wet weight conversion factor (0.428, food crops) (1.0, feed and forage) 
dd 
fd = fraction Of ye= phl t  iS downwind (unitless) 
p 
rd 
te = growingseason@) 
bW = duration of irrigation use (h) 
$, = duration of period between harvest and consumption @) 
Y 

= deposition rate (pci/m2-4 rad) (mg/m2-4 chem) 

= effective dry surface density of the soil (s/m2, rad) (kg/m2, chem) 
= fraction of airborne material retained on plant surface (unitless) 

= agriculhual yield (g/m2, rad) (lcg/m2, chem) 

The amount of a contaminant a receptor takes in as a result of consuming beef is determined using the 
concentration of a chemical in the animal's flesh. Equations 7-17 and 7-18 from DOE 1992a are used 
to quantify intake from eating beef: 

(E.3-23) 
(E.3-24) 

where 

I, = 
c, = 
I R =  
F I =  
E F =  
E D =  
BW = 
AT = 

intake of i* constituent from beef @cl, rad) (mg/kgd, chem) 
concentration of i" contaminant in animal product @Ci/g, rad) (mg/kg, chem) 
ingestion rate (g/d, rad) (kg/d, chem) 
fraction ingested from contaminated source (unitless) 
exposure frequency (W) 
exposure duration (y) 
body weight (kg) 
averaging time (d); for noncarcinogens, AT equals (ED) (365 dty); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d&) 

E.35.4.3 Milk Consumption 
The amount of a contaminant a receptor takes in as a result of consuming dairy products is determined 
using the concentration of a chemical in the animal's milk. Equations 7-17 and 7-18 from DOE 199% 
are used to quantify intake from consuming d a q  products: 
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where 

1, 
CAi 
IR 

- - 
- - 
- - 

F I =  
E F =  
E D =  
BW = 
AT = 

intake of i* constituent from dairy p r a ~ c t s  @Ci, rad) (mg/kgd, chem) 
concentration of i* contaminant in animal product @Ci/L, rad) ( m a ,  chem) 
ingestion rate (L/d) 
fraction ingested from contaminated source (unitless) 

exposure duration (y) 

averaging time (d); for noncarcinogens, AT equals (ED) (365 d&); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d&) 

expo- m-v (dh.1 

MY weight erg) 

E.35.4.4 Fish Innestion 
If measured concentrations of a constituent in fish are unknown, they are estimated using 
Equation 7-19 of the FEW Risk Assessment Work Plan Addendum (DOE 1992a): 

(E.3-27) 

where 

cFi 

BmFi 
cwi 

= concentration of the i* constituent in fish @Ci/g, rad) (mg/kg, chem) 
= concentration of the i* constituent in surface water (pCi/L, rad) ( m a ,  chem) 
= f sh  bioconcentration factor @Ci/g fish per pcI/L, rad) (mglkg fuh per m a ,  

chem) 
= radioactive or chemical decay constant of i* contaminant (h-') 
= duration of period between harvest and consumption @) 

& 

The amount of a contaminant a receptor takes in as a result of consuming local fish on a regular basis 
is determined by using the concentration of a chemical in the fish's flesh. Equations 7-17 and 7-18 
from the FEMP Risk Assessment Work Plan Addendum O E  1992a) are used to quantify intake 
from consuming fish 

(radionuclides) IFi = (CFi)(TR)(FI)(EF)(ED) (E.3-28) 

(chemicals) $i = (cFi)(TR)(FI)(EFxn>)/(Bw)(AT) (E.3-29) 
where 

IFi 
CFi 
IR = ingestion rate (g/d, rad) (kg/d, chem) 
FI = fraction ingested from contaminated source (unitless) 
EF = exposurefrequency(d/y) 
W = expomduration(y) 
BW = bodyweighteg) 
AT 

= intake of i* constituent from fuh @Ci, rad) (mg/kgd, chem) 
= concentration of i" contaminant in fuh (pCi/g, rad) (mg/kg, chem) 

= averaging time (d); for noncarcinogens, AT equals (ED) (365 d&); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d/y) 

n499 _ .  
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E.355 Indoor Radon Exwsures 
A resident living on soil or waste containing radium may incur exposures to radon entering their 
dwelling from the soil or waste beneath the structure. These risks must be considered along with risks 
from other sources when evaluating risks to a receptor living within Operable Unit 1. 

D 

This study evaluates risks from radon exposures to a resident occupying a home located on top of a pit 
containing buried waste. The conceptual model selected for this risk assessment assumes a home is 
built over Pit 4, which is the most stable pit in Operable Unit 1. The home is assumed to be 3 m high, 
20 m long and 10 m wide. The home is assumed to have an air exchange rate of 0.1 h-', which is 
characteristic of a tightly sealed, energy efficient home (Nero et al 1983). 

It is likely that any house located over a waste pit would use slab-on-grade construction. Anyone 
excavating a basement for a house located over one of the Operable Unit 1 waste pits would soon 
discover they were digging in a waste disposal site. These people would probably leave to build their 
house elsewhere after digging into the waste, because few people would willingly choose to take up 
permanent residence over a waste pit. People using slab-on-grade construction while building their 
home may avoid digging into the waste and so remain unaware of their location relative to the buried 
waste. 

The concrete slab beneath the hypothetical home is nominally 15 cm thick, and the permeability of the 
concrete is assumed to be equal to the soils beneath it. This is v"y conservative, because the 
permeability of concrete to gas movement is normally several factors of ten lower than that of soil. 

B 
This analysis assumes the fluence rate of radon entering the home through the concrete slab equals the 
radon fluence rate emanating from the vent pipe penetrating the clay cap over Pit 4. This is also a 
conservative assumption, because radon entering a slabon-grade home would normally first have to 
move through the clay cap, allowing time for radioactive decay to decrease the radon fluence rate. 
Using data h m  the pipe neglects the impact of this delay time. 

The fluence rate expressed as the radiological activity due to radon emanating from a square meter of 
soil in 1 second from the vent pipe was measured for three days over a five day period (Appendix 
C.l). The maximum measured fluence rates from these pipes was 0.005 pCi/m2/s. This fluence rate is 
supported by process knowledge of the pit which indicates that no radium was buried there. The only 
source of radium would be as a result of decay from the Uranium and thorium disposed there. Due to 
the long half-lives of these nuclides, no appreciable concentrations of radium are expected to be 
produced in the pit during the 1OOO-year study period. Therefore radon flux from the pit should 
remain low at the measured levels. 
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Using this conceptual model, and the radon fluence rate of 0.005 pCi/m2/s, radon levels in the home 
attributable to the radon sources beneath the structure are calculated from the following equation. as 
adapted from Nero, et al., 1983: 

waere 
C, = Concentration of radon in indoor air @Ci.L-') 
JRn = Radon fluence rate (pCi-m-2.s-') 
A, = Surface area under structure (m2) 
CF = Unit conversion factor (3.6 s-m -h- .L- ) 
& = Radioactive decay coefficient of RIA-222 (h-') 

= Ventilation depletion coeffkient of Rn-222 0-l) 
t = Timetoequilibrium@) 

3 1 1  

- Volume of home (m3) vHcune - 
Radon air concentrations in the home are calculated to be approximately 0.06 pCi/L. 

(E.3-30) 
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Intakes of radon are calculated using Equation E.3-12. Using this methodology, the total intake is 14 

15 

16 

directly proportional to the exposure concentration and the total volume inhaled. If the concentration 
is held constant, the intake is related to the inhalation rate and the total time spent breathing the indoor 

l7 c air over a lifetime. Based on these criteria, the resident fanner is selected as the RME receptor for 
indoor radon exposures. 18 

Using Equation E.3-12, a RME resident farmer breathing indoor air containing 0.06 pCi/L at a rate of 
15 m/d (EPA 19910 for.350 d/y would inhale 16,500 pCi of radon during a 70 year lifetime. Risks 
associated with this exposure are presented in Section E.5.3.3.1. 

E.3.5.6 Buan Wication of Intakes and Exoosures from Multiple Pathways 
The most probable scenarios involve simultaneous exposures via a number of pathways. The multiple 
exposure scenarios are evaluated by assuming the contributions from component pathways are 
cumulative. Thus, all the receptors evaluated are subject to more than one exposure pathway and have 
been evaluated according€y. 

E.3J.7 Scenario-Specific Assumations and Exposure Parameters 
Exposure parameters are dependent on receptor-specific behavior patterns, and vary from receptor 
scenario to receptor scenario. The following sections begin with a brief description of each set of 
parameters used to evaluate exposures to hypothetical receptors during this assessment. This synopsis 
is followed by descriptions of any site-specific parameter values and their derivation. Tables E.3-16 
and E.3-17 contain a summary of these parameters. 
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E.3.5.7.1 Exmsure Duration (ED 

The exposure duration is the pen: of time a receptor is exposed in a lifetime. Tables E.3-16 and 
E.3-17 list the values and sources of the exposure durations used to calculate exposures to the 
hypothetical receptors evaluated in this assessment. 

D 

Because of the agricultural history of the area, the RME adult may be exposed over an entire 70-year 
lifetime. Therefore, the exposure duration selected for this receptor is 70 years. This value is over 
twice as long as the standard 30-year exposure presented in EPA 1991b. The 70-year value was 
determined in consultation with EPA Region V and applies to the off-property RME resident adult 
fanner, the on-property FZME resident adult fanner, the Great Miami River user, and the off-property 
user of beef and dairy products. 

The RME child and the CT adult are assumed to receive exposures over 6 years and 9 years, 
respectively, as suggested by supplemental guidance (EPA 1991b). The trespassing child is assumed 
to receive exposures while roaming randomly about the property between the ages of six and 18. EPA 
Region V requires this activity to be evaluated over an exposure duration of 12 years. The on- 
property visitor is assumed to visit the site for 25 years. The home builder is evaluated to assess the 
health impacts of exposures incurred while building a home on the property. This activity is assumed 
to be completed within one year of groundbreaking (NRC 1984), so the exposure duration for the 
home builder is set at one year. B 
The Great Miami River user is also assumed to swim in the river. Strong cmnts in this river would 
likely prevent very young or old swimmers from engaging in this activity. It is assumed that this 
receptor only swims during a 30-year period of the individual's life. Therefore, the exposure duration 
for this scenario is 30 years. 

E.3.5 3.2 Exposure Frequency 
The exposure frequency is the number of days a receptor is exposed each year. Tables E.3-16 and 
E.3-17 list the values and sources of the exposure frequencies used to calculate exposures to the 
hypothetical receptors evaluated in this assessment. 

The exposure frequency selected for scenarios involving a RME adult farmer or a RME child is the 
standard RME value of 350 days per year listed in EPA 1989a. The 350 days per year value applies 
to the off-property RME resident adult, the on-property RME resident adult, the on-propeq RME 
resident child, the Great Miami River user, and the off-property user of beef and dairy products. The 
on-property visitor is assumed to visit the site 250 days per year ("A 1991a). 
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The exposure frequency selected for scenarios involving a CT adult farmer is 275 days per year, as 
suggested by supplemental guidance @PA 1991b). EPA Region V requires the exposure frequency of 
the trespassing child to be set at 52 days per year. 

The home builder is evaluated to assess the health impacts of exposures incurring while building a 
home on the property. This activity is assumed to be completed after 500 hours. (NRC 1984). 
Assuming a worker spends 10 hours per day during construction, the exposure frequency for the home 
builder is 50 days per year. 

The Great Miami River user is assumed to swim in the river. The exposure frequency selected for this 
activity is five days per year averaged over a lifetime, as suggested by guidance (EPA 1989a). 

E.3.5.7.3 Exposure Time 
The exposure time is the amount of time a receptor is exposed each day. Tables E.3-16 and E.3-17 
list the values and sources of the expsure times used to calculate exposures to the hypothetical 
receptors evaluated in this assessment, 

The RME adult farmer scenarios constructed for this assessment assume the receptor works outside of 
the residence for 2OOO hours per year. Spreading this time over the 350 days per year of on-si& 
exposure yields an average outdoor exposure time of 5.7 hours per day. This leaves an indoor 
exposure time of 18.3 hours per day for this receptor. Thus, about 25 percent of the receptor's time 
on-site is spent outside of the residence. These values apply to the off-propexty RME resident adult 
farmer and the on-property RME resident adult faxmer. The on-property RME resident child is 
assumed to spend only 2 hours per day outdoors, for a total of 700 hours per year. 

EPA Region V assumes the CT resident adult farmer is exposed outdoors for 48 days out of the 275 
days spent on a site. This is equivalent to an exposure time of 4.2 hours per day. This leaves an 
indoor exposure time of 19.8 hours per day for this receptor. Thus, about 20 percent of the receptor's 
time on-site is spent outside of the residence. These values apply only to the CT receptor. 

The trespassing child is assumed to spend time on the site. Current trespassing activities are minimal 
because Operable Unit 1 is currently surrounded by two fences and pamlled on a regular basis by a 
security force. If these patrols are relaxed, trespassing may occur, but the time spent on the property 
is unknown. EPA Region V requires the exposure time ef the trespassing child to be set at 4 hours 
per day if site-specific information is not available. The on-property visitor is assumed to spend 2 
hours per day outdoors on the site. 

The home builder is evaluated to assess the health impacts of exposures incurring while building a 
home on the property. This activity is assumed to be completed after 500 hours (NRC 1984). 

~ U l R u p B . 1 2 W l ~  u 3 p  E-3-52 

0503 ... . 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 l6 c 
18 

19 

20 

21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 



FEhP-OlRI4 DRAPT 
October 12,1993 

Assuming a worker constructs a house in 50 days, the total exposure time for the home builder is 10 
hours per day. This time is divided equally into 5 hours per day outside of the structure and 5 hours 
per day inside of the structure. 

D 
The RME adult farmer and child receptors are assumed to receive skin exposures via bathing or 
showering once a day. Since no site-specific information on this activity is available, the adult 
exposure time selected for this activity is 0.25 hours per day, as suggested by guidance (EPA 1989a). 
The exposure time selected for the FME child pexforming this activity is 0.25 hour per day, as 
suggested by guidance (EPA 1992e). 

The Great Miami River user is assumed to use the river for recreational swimming. Since no site- 
specific information on this activity is available, the exposure time selected for this activity is 0.2 hour 
per day, 5 days per year, as suggested by guidance (EPA 199%). 

E.3.5.7.4 Inhalation Rates 
The inhalation rate is the volume of air inhaled daily by a receptor. Tables E.3-16 and E.3-17 list the 
values and sources of the inhalation rates used to calculate exposures to the hypothetical receptors 
evaluated in this assessment. 

EPA suggests using a value of 20 cubic meters per day (0.83 m3/h) as the inhalation rate for an RME 
adult (EPA 1989b). h e  to a lack of infomation, this inhalation rate is used for the trespassing child 
and all adult exposures, except those involving inhalation of volatiles and radon within the home and 
the visitor exposures. Inhalation of volatiles from water and radon in the home is evaluated using 15 
cubic meters per day for the 18.3 h/d the receptor is inside (0.82 m3/h), as presented (EPA 19910. 
EPA Region V has requested that 2.0 m3/h be used as the inhalation rate for a Visitor. The inhalation 
rate for the on-property RME child was set at 0.5 m3/h, given the child’s smaller lung capacity and 
time spent at rest. 

b 

E.35.7.5 Soil Innestion Rates 
The soil ingestion rate is the mass of soil ingested daily by a receptor. Tables E.3-16 and E.3-17 list 
the values and sources of the soil ingestion rates used to calculate exposures to the hypothetical 
receptors evaluated in this assessment, 

The soil ingestion rate of the RME adult farmer estimated for this risk assessment is a site-specific 
time weighted average ingestion rate. It is based on ingestion rates for specific activities performed 
during the course of the receptor’s lifetime, and the relative length of time spent engaged in those 
activities. 
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The-first sii e RME adult's life are spent as a young child whose ingestion rate is 0.2 grams 

pr day. Using EPA's suggested exposure frequency of 350 days per year. this period contributes a 
total of 420 grams of soil to the lifetime total. 

Between the ages of 18 and 70, the RME adult farmer is assumed to spend about 50 years working a 
farm. The 1987 Census of Agriculture (DOC, 1987) indicates that 1,284 of the 1.364 farms in 
Hamilton and Butler Counties (95 percent) are under 500 acres. Assuming a farmer follows 
recommended agricultural practices and rotates his crops, a typical farm may have 35 percent of its 
available acreage in c o w  35 percent in soybeans, 20 percent in wheat, and 10 percent in hay. The 
U.S. Soil Consekation Senice Field Office Technical Guide indicates that farmers spend 1.24 hour 
per acre farming corn, 1 hour per acre farming soybeans, 1.28 hours per acre farming wheat, and 2.73 
hours an acre farming hay. From this information, it is calculated that 95 percent of the farmers in 
Hamilton County spend less than 660 hours per year actually farming the laud. An additional 20 
percent is added to the 660 hours to account for breakdowns, walkover surveys, and miscellaneous 
activities, raising the total time to just under 800 hours per year. Assuming the farmer works for eight 
hours per day, the farmer spends 100 days per year actually farming. EPA suggests using an 
incidental soil ingestion rate during farming activities of 0.48 grams per day, so the amount of soil 
ingested over the 50-year occupational lifetime of a farmer would be 2,400 grams. In the remaining 
250 days a year spent on the property during these 50 years, the resident ingests soil at a rate of 0.1 
grams per day - adding mother 1,259 grams of soil to the farmer's diet. The remaining fourteen 
years of the receptor's life are spent as an older child (12 years) and an adult (2 years) whose 
ingestion ram are 0.1 grams per day, contributing another of 490 grams of soil to the lifetime total. 
The combined intake €tom all periods in the RME adult resident's life is 4560 grams of soil or about 
0.18 grams per day. The 0.18 grams per day value is used to quantify the exposures due to incidental 
ingestion of soil by the RME adult in this assessment, which differs from the value presented in the 
Work Plan Addendum O E  199%). 

The soil ingestion rates for the trespassing child (O.lg/day) and the on-property resident child 
(0.2@day) were specified by DOE (199%). The soil ingestion rates for the CT on-property farmer 
(0.122g/day) and the on-property home builder (0.48g/day) were provided by EPA Region V. 

It was assumed that all on-property receptors received 100 percent of their soil intake from the site. 
This includes the on-property RME child and adult, the on-property CT adult, and the home builder. 
The trespassing child was assumed to only receive 25 percent of his daily soil intake from the site, as 
only 4 of 16 waking hours are spent on property. 

E.35.7.6 Water Ingestion Rates 
The water ingestion rate is the volume of water drunk daily by a receptor. Generally t h i s  intake is 
from drinking water, but may be from incidental ingestion during swimming. Tables E.3-16 and 
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E.3-17 list the values and sources of the water ingestion rates used to calculate exposures to the 
hypothetical receptors evaluated in this assessment. B 
This assessment uses a drinking water ingestion rate of 2 liters per day for the RME adult receptors 
and 1.4 liters per day for the RME child, as stipulated in EPA 1989a. EPA Region V suggests 
assuming that ?he CT adult drinks 1.4 liters per day. 

The hypothetical,Great Miami River user accidentally ingests water while swimming in the river. The 
ingestion rate of this receptor is 0.05 liters per hour (EPA 1992e). 

E.3.5.7.7 Food COIlSUIIlDtiOIl 
Some of the hypothetical receptors evaluated consume vegetables, fruit, beef, and diury products 
grown on-property. Tables E.3-16 and E.3-17 list the values and sources of the food consumption 
rates used to calculate exposures to the hypothetical receptors evaluated in this assessment. 

The hypothetical RME adult farmer eats 80 grams per day of vegetables, 42 grams per day of fruit, 
and 75 grams of beef per day from home-grown sources. The FME adult consumes home-grown 
dairy products such as milk and cheese at the rate of 0.3 liters per day OEpA 1989a). 

Discussions with EPA Region V are the sources of parameter values for the hypothetical CT adult 
farmer.  his receptor eats-50 grams per day of vegetables, 28 grams per day of fruit, and 50 grams of 
beef per day from home-grown sources. The RME adult farmer consumes home-grown davy products 
such as milk and cheese at the rate of 0.3 liters per day (DOE 1992a). while the CT adult fanner was 
assigned a value of 02 liters per day, as per EPA Region V guidance. 

D 

There is no EPA guidance on food ingestion rates for children at this time. The values used in this 
assessment were derived during the development of the Work Plan Addendum (DOE (1992a) and are 
based on work performed by the U.S. Department of Agriculture (USDA 1986). The hypothetical 
RME child eats 40 grams per day of vegetables, 61.5 grams per day of fruit, and 29 grams of beef per 
day. The RME child consumes dairy products such as milk and cheese at the rate of 0.9 liters per 
day. 

E.35.7.8 Body Weights 
The body weight is the mass of the receptor, in kilograms. This assessment uses the median body 
weight of 70 kilograms for all adult receptors, 43 kilograms for al l  older children and 15 kilograms for 
all young children, as stipulated in the Work Plan Addendum (DOE 1992a). Tables E.3-16 and E.3-17 
list the values and sources of the body weights used to calculate exposures to the hypothetical 
receDtors evaluated in this assessment. 
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E.35.7.9 Surface Areas 
The surface area is the amount of the body's skin surface which is exposed as a result of a s-~ecific 
activity or group of activities. Tables E.3-16 and E.3-17 list the values and sources of the surface 
areas used to calculate exposures to the hypothetical receptors evaluated in this assessment. 

EPA's interim report on dermal assessment (EPA 1992a) and supplemental guidance on dermal 
assessment (EPA 1992i) lists suggested values for surface areas. The surface areas used to evaluate 
exposures Erom dermal contact while bathing and swimming in this assessment are 2.0 square meters 
for all adult receptors, and 0.72 square meters for children. These values differ from those presented 
in the Work Plan Addendum, which predated the dennal guidance. 

It was assumed that 25 percent of a receptor's total body surface area is accounted for by the hands, 
legs, arms, neck, and head, allowing for clothing (EPA 1992a). This factor results in exposed skin 
surface.areas of 0.38 m2 for the trespassing child 0.5 m2 for adults, and 0.18 m2 for the RME child. 
Again, these values differ from those presented in the Work Plan Addendum. 

E.3.5.7.10 Adherence Factors 
Uptake of chemicals through the skin from soil require that a sufficiently intimate intake be established 
between the soil and the skin. One of the factors-that detemine the quantity of chemical absorbed is 
the amount of soil that adheres to the skin. Tables E.3-16 and E.3-17 list the soil adherence values 
and sources used to estimate dermal uptake Erom soil. Following the suggestion of EPA (1992e). a 
factor of 1.0 mg/cm2 is used for all RME evaluations and 0.2 is used for the CT adult fanner. 

E.3.5.7.11 AveraMg Times 
The averaging time is the duration of time, expressed in days, over which the period of exposure 
occurs. It is only used in the evaluation of chemical exposures. The averaging time selected depends 
on the health effect being evaluated. Long-term intakes of noncarcinogenic agents are calculated by 
averaging intakes over the period of exposure, as per EPA guidance (EPA 1989a). Carcinogenic 
intakes are averaged over the lifetime of the receptor. This approach is based on the contention that a 
high dose administered over a short period is equivalent to a low dose over a long period. Tables 
E.3-16 and E.3-17 list the values and sources of the averaging times used to calculate exposures to the 
hypothetical receptors evaluated in this assessment. 

E.3.6 SUMMARY OF EXPOSURE ASSESSMENT 
This exposure assessment evaluates the types and magnitudes of contact that a potential receptor may 
have with site-related constituents. A conceptual model for Operable Unit 1 has been developed to 
provide the basis for identifying and evaluating the potential risks to human health in this baseline risk 
assessment.. The conceptual model served as framework for iden-g the paths by which human 
health may be impacted by Opemble Unit 1. 
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The materials in eight waste pits were treated as the primary sources of potential contamination in 
Operable Unit 1. These waste pits contain both chemical and radioactive constituents which can be 
released by a variety of mechanisms including leaching to groundwater, erosion by surface water and 
air, and human inmion. The potential for these contaminants to be transported by groundwater, 
surface water, and air after their release is estimated in this assessment using mathematical models 
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which attempt to quantify natural lransport phenomena. 

The potential for human exposures is also investigated. Particular emphasis is placed on iden-g 
applicable receptors and exposure routes. 
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TABLE E3-1 

SUMMARY OF EXPOSURE PATHWAYS QUANTITATIVELY EVALUATED IN RISK ASSESSMENT 
CURRENT SOURCE TERM 

Air Surface Water 

Current Land Use Wlth Active Access Controls 

NA' 

Visitor Directradiation 

Inhalation of VOCS. radon. and NA 
particulates 
Ingestion of vegetables and fruit 
Ingestion of meat and daby products 

Inhalation of VOCs, radon. and 
particulates 

NA 

Current Land Use Wltbout Access Controls 

Off-Property RME 
F8flllf3 

Trespassing Child . 

Off-Property User of Meat . 
and Dairy Products 

'NA - Not Applicable 

NA 

Incidental ingestion of surface soil 
Dermal contact with surface soil 
Direct radiation 

Ingestion of meat and dairy products 

Inhalation of VOCs. d o n .  and NA 
particulates 
Ingestion of vegetables and fruit 
Ingestion of meat and dairy products 

Inhalation of VOCs, d o n .  and 
particulates 

NA 

NA 

Ingestion of meat and 
dairy products 



TABLE E3-2 

oe e SUMMARY OF EXPOSURE PATHWAYS QUANTITATIVELY EVALUATED IN RISK ASSE§SMENT 
FUTURE SOURCE TERM 

Scenario1 
Receptor SoivPit contents Air Groundwater Surfax Water Sediment 

Current Land Use Wltbut Access Controls 

Off-RoPerty 
RME Resident 
Farmer 

NA' Inhalation of VOCs, radun, and 0' Ingestion of drinking water NA 
particulates Inhalation of VOCE and tadon 
Ingestion of vegetables and fruit Deamal contact while bathing 
Ingestion of meat and dairy Ingestion of vegetables and fruit 
poducts Ingestion of meat and dairy 

proQcb 

Trespassing 
Child 

Incidental ingestion Inhalation of VOCs. radon. and 
of surface soil particulates 
(Pits 1.2.4, Bum) 
Damalcontactwith 

2.4, Bum) 
d a c e  soil (Pits 1. 

Incidental ingestion 
of pit material 
(Pits 3. 5. 6) 
D a m a l c o n ~ ~ ~ t  with 
pit material (Pits 3. 
5. 6) 
Directradiation 

NA NA 

I 

NA 

Incidental ingestion 
of sediment 
( P ~ Y s  Run) 
Dennalcontact 

( P d y s  Run) 
with sediment 

Direct radiation 



TABLE E3-2 
(Continued) 

scenario/ 

R=lTm SoiVPit contents Air Groundwater Surface Water Sediment 

Great Miami 
River User while swinuning 

while swinuning 

NA NA NA Incidentalingestion NA 

Damalamtact 

I)rinkingwater 

Inhalation of vocs 
and radon 
Dermalmtact 
while bathing 
Ingestionof 
vegetables and fruit 

and dairy products 

ingestion 

Ingestionofmeat 

Ingestionoftish 

Off-Property Ingestionofmeat 
User of Meat 
and Dairy (Pits 1. 2) 

and dairy products 

c 3  Roducts 
u7 
w 
F 

NA NA Ingestion of meat 
and dairy products 
(Pits 5, 6) 

NA 

m u 1  RuJRWPl229AE.3-M &01-93/4:18pn 



TABLE E3-2 
(Continued) 

- 
scenario/ 
ReCeptor s o m t  contents Air Groundwater Surface Water Sediment 

Future Land Us0 

On-RoPerty 
W E  Resident 
FmCZ 

Incidentalingestion JnhalationofVOCs,radan.and Ingestionofdrhkingwater Ingestionofmeat Incidentalingestion 
of surface soil particulates Damal amtact while bathing and dairy producrs of sediment 
(Pits 1.2.4. Bum) Ingestion of vegetables and fruit Inhalation of volatiles and radon Damalcontact 
Demalcontactwith Ingationofmeatanddairy while showaing with ssdiment 
surface soil (Pits 1, p.oducts Ingestion of vegetables and fruit 
2. 4. Bum) Ingestion of meat and dairy 

of pit material 
(Pits 3, 5. 6) 
Dermal contact with 
pit material (Pits 3. 

Incidental ingestion 

5,6) 
Directradiation 
Ingestion of vege- 
tables and fruit 
(Pits 1. 2) 
Ingestion of meat 
and dairy products 
(Pits 1. 2) 

m u 1  m w P 1 2 2 9 ~ ~ . 3 - m  601 -93/4: I8pn - 



TABLE E3-2 
(Continued) 

Air Groundwater Surface Water sadiment 

,- ’ On-RopertyCr rncidentalingestian I n h a l a t i o n o f V O C s . ~ d  Ingestionofdrinkiqwata Ingestionofmeat Incidmt.lingestion 
Resident Farma of uurfw soil - DmnalamractwhiiebaIhing anadairyproducts of sediment 

(Pies 1.2.4, Bum) Ingestion of vegetables and fruit Inhrlpion of volatilea md radon 
Dmnalamtactwith Ingestionofmeataddairy while showaing Dennalamtact 
sllrfacesoil(Pies1. products Ingestion of vegetables md fillit with sedhnent 

Incidentalingestion proauces 
Z 4 .  Bum) Ingestion of meat and dairy 

of pit mataid 
(Pits 3, 5. 6) 
Dmnalamtactwith 
pit material (Pie 3. 
5.6) 
Directradialion 

tables and fruit 

Ingestion of meat 

?-J hgestion of vege- 

(Pits 1, 2) 

and dairy products 
(Pits 1. 2) 

: 
h, c.) 
u‘1 + 
c3 

I ’- 
I 



TABLE E3-2 
(Continued) 

Scenario/ 
Receptor SoivPit contents Air Groundwater Surf= Water Sediment 

Incihtalingestion InhalationofVOCs,&and JngestionofdrmLingwata Ingestionofmeat NA 
RME Child of surface soil pamculates Damal contact while bathing and dairy pmducts 
On-RoPerty 

(Pita 1.2.4, Bum) Ingestion of vegetables and fruits Inhalation of volatilu, and radon 

surf- Soil (Pita 1. producta Ingestion of vegetables and fruit 
Z 4 .  Bum) Ingestion of meat and dairy 

of pit material 

Damalammctwith Ingestionofmeatanddairy while showering 

Incidentalingestion products 

(pits 3. 5. 6) 
h a l a m t a c t w i t h  
pit material (F'its 3. 
5. 6) 
Directradiation 
Ingestion of vege- 
tnbles and fruit 

Ingestion of meat 
(pits 1, 2) 

and dairy products 
(pits 1. 2) 

On-ROperly Incidental ingestion Inhalation of VOCs, radon. and 
Home Builder of pit mataial particulates 

(Pit 4) 
Dermalamtact with 
pit material (Pit 4) 
Direct radiation 

'NA - Not Applicable 

NA NA NA 

a 
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TABLE E.3-3 

EXPOSURE POINT CONCENTRATIONS' 
ALL SURFACE SOIL (INCLUDING PIT COVERS) 

AU Soils 

Surface Area (d) 1.51 x I d  

Radionuclides @Ci/g) 

CS- 1 37 1.0 x loo 

Np-237 

Pu-238 

Pu-2391240 

5.0 x 10' 

3.8 x 10' 

1.3 x 10' 

Ra-226 9.5 x 10' 

Ra-228 

Sr-90 

TC-99 

Th-228 

Th-230 

Th-232 

u-234 

- U-235 

1.2 x loo 

1.7 x l@ 

8.7 x loo 

5.5 x loo 

7.5 x 10' 

4.3 x loo 

6.0 x 10' 

6.8 x 10'' 

U-238 2.5 x I d  

Chemicals (mg/kg) 

Aroclor-1254 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

1.40 x 10' 

2.72 x 10' 

4.90 x loo 

5.69 x 10' 

8.00 x lo-' 

5.80 x 10' 

1.43 x 10' 

1.04 x 10' 

1.70 x 10' 

1.59 x 10' 

0 5 1- 5 

53-64 . i.':. j- .i . . ." 
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TABLE E3-3 
(Continued) 

AU Soils 

Manganese 

Molybdenum 

Nickel 

Silver 

Uranium 

Vanadium 

Zinc 

5.74 x Id 
4.30 x le 

2.94 x 10' 

8 . 9 0 ~  le 
5.22 x 10' 

1.96 x 10' 

4.67 x 10' 

Toncentmion is the larger of the UCLs calculated for the CIS and W S  data bases. 

E-385 
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. ... 
TABLE E.3-4 

EXPOSURE POINT CONCENTRATIONS 
EXPOSED PIT MATERIAL AND SURFACE SOIL 

FUTURE SOURCE TERM 
~ 

othm Weighted 
SurfaceSoil Average Pit 3 Pit 5 Pit6 

Area(m') 2.a x lo' 750 x 10' 150 x 10' 1.29 x lv 1.60 x l v  
~ 

Radionuclides @CY@ 

CS-137 NDb 7.6 x lo' 3.1 x lo' 1.0 x lob 4.66 x 100 

Np237 2.1 x 100 4.6 x lo' 3.4 x 100 5.0 x 10' 2.89 x 100 

h-238 1.0 x 100 3.6 x 100 1.3 x 100 3.8 x 10' 627 x 10' 

h-239/240 1.4 x lo' 9.7 x 100 1.4 x lo' 1.3 x 10' 2.65 x 100 

Ra-226 3.1 x 1@ 1.1 x l@ 4.4 x 100 9.5 x 10" 4.94 x lo' 

Sr-90 5.2 x 100 2.0 x lo' 5.1 x 100 1.7 x 100 3.09 x 100 

Tc-99 5.2 x l@ 2.1 x lo) 1.6 x l@ 8.7 x 100 1.80 x l@ 

Th-230' 8.6 x 10' 6.8 x 10' 4.4 x lo' 7.5 x 10. 158 x lo) 

Th-232 4.0 x 102 4.5 x lo' 1 5  x 100 4.3 x 100 6.16 x lo' 

u-234 1.1 x lo) 9.3 x l@ 5.1 x lo) 6.0 x 10' 2.94 x 102 

U-235/236 7.3 x lo' 5.4 x lo' 1.8 x lo) 6.8 x 100 3.51 x lo' 

U-238 1.3 x lo) 9.0 x l@ 2.1 x 10' 2.4 x l@ 6.15 x 1@ 

Inorganics (mg/kg) 

Antimony 5.25 x 10' 5.17 x 10' ND 2.72 x lo' 3.17 x lo' 

Arsenic 2.13 x 10' 2.15 x 10' 5.49 x 10' 4.90 x 100 3.09 x lo) 

Barium 8.08 x 10' 3.02 x lo' 9.50 x 10' 5.69 x lo' 2.59 x lo) 

B ~ l l i U m  1.44 x 10' 1.48 x 10' 5.70 x lob 8.00 x 10' 3.41 x 100 

ND ND ND 2.17 x lo' Boron 1.55 x 1@ 

Cadmium 2.59 x 10' 1.16 x 10' 5.70 x lob 5.80 x 100 8.90 x 100 

ChnwniUm 1.86 x 102 1.16 x I d  3.00 x 10' 1.43 x lo' 4.33 x lo' 

cobalt 3.60 x 10' 3.55 x 10' 2.60 x 10' 1.04 x lo' 1.53 x lo' 

copper 1.74 x 10' 1.18 x lo' 222 x 102 1.70 x lo' 8.13 x 102 

cyanide 1.61 x 100 ND ND ND 2.25 x 10' 

Lead 6.70 x 102 1.68 x I d  7.96 x 10' 1.59 x lo' 1.16 x l@ 

-we= 1.67 x 10' 3.05 x 10' 2.21 x l@ 5.74 x l@ 2.95 x lo) 

Mercury 3.19 x 100 1.59 x lob ND ND 5.22 x 10' 

Molybdenum 2.41 x 102 6.66 x I d  ND 4.30 x 100 6.84 x lo' 

: '  2.66 x 102 1.50 x 102 5.10 x 10' 2.94 x lo' 6.85 x lo' 
V p  ; ' , Nickel 

B 

; 
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other Weighted 
Pit 3 Pit 5 Pit6 Surface Soil Average 

Area(m9 2.24 x lo' 750 x 10' 150 x.10' 1.29 x lo' 1.60 x lo' 

Selenium 
Silver 

Thallium 

Tin 

Uranium 
Vanadium 

zinc 

4.95 x lo' 

3.74 x 10' 

1.20 x lo' 

1.91 x lo2 

4.55 x 10' 

s a x  10' 

3.11 x lo2 

1.38 x 10' 

1.41 x lo' 

3.45 x 10' 

4.80 x lo' 

2.76 x 10' 

4.92 x 10' 

2.06 x lo2 

ND 
158 x 102 
7.10 x lo' 

138 x 10' 

1.93 x lo' 

1.00 x lo2 

4.80 x 10' 

ND 
8.90 x 100 
ND 
ND 

5.22 x lo' 

l.% x lo' 

4.67 x lo' 

7.58 x loo 
1.46 x lo' 

3.96 x loo 
2.90 x lo' 

9.89 x le 
9.75 x le 
9.13 x lo' 

2.73 x loo 
2.08 x loo 
3.60 x 10' 

2.80 x 10' 

5.60 x 10' 

1.60 x 10' 

3.70 x 10' 

1.3ox 10' 

1.3ox loo 

ND 
2.00 x lo' 

3.22 x 10' 

8.97 x lo' 

3.08 x lo' 

2.67 x 10' 

1.27 x 10' 

7.45 x lo' 

550x 10' 

7.50 x 10' 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
8.10 x 10' 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

2.90 x 10' 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 4.08 x 10' 

1.46 x loo 
ND 5.04 x lo2 
ND 3.92 x 10' 

ND 7.84 x 10' 

ND 224 x 10' 

ND 5.18 x lo2 
ND 1.82 x 10' 

ND 1.82 x 10' 

ND 2.72 x 10' 

ND 2.80 x 10' 

ND 2.94 x lo' 

ND l a x  lo' 

ND 4.31 x 10' 

ND 3.74 x 10' 

ND 1.78 x 10' 

ND 1.04 x lo' 

1.40 x loo 

c 

Toncentration is the larger of the UCLs calculated for the CIS and RVFs data bases. 
"ND - Not detected or is not a C'FC for this area. Concentration is assumed to be zero for calculation of weighted 
average concentration. 
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TABLE E3-5 
FUTURE EXPOSURE POINT CONCENTRATIONSa 

PIT 4 

Pit 4 

Radionuclides @Ci/g) 

Np-237 

PU-238 

Pu-239/240 

Ra-226 

Sr-90 

TC-99 

Th-230 

Th-232 

u-234 

U-235/236 

U-238 

4.0 x lo-' 

5.0 x lo-' 

3.7 x 10' 

9.9 x 10' 

2.0 x ld 

1.5 x ld 

4.0 x lo-' 

7.1 x ld 
4.1 x ld 
9.0 x ld 

4.2 x 104 

Antimony 

Arsenic 

Barium 

B€XylliUUl 

Boron 

Cadmium 

chromium 

Cobalt 

Copper 
Lead 

Manganese 

Molybdenum 

Nickel 

silver 

Tin 

2.22 x ld 
5.16 x 10' 

4.58 x ld 
5.06 x 10' 

6.58 x ld 
2.45 x 10' 

1.05 x ld 
1.29 x ld 
3.52 x Id 
5.53 x 10' 

4.75 x ld 
6.98 x 10' 

1.67 x ld 
5.31 x 10' 

1.14 x ld 
i\SL9 
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TABLE E3-5 
(Continued) 

Pit 4 

Uranium 

VaoadiUm 

zinc 

9.44 x 104 

3.94 x I d  

1.43 x I d  

Organics (mg/kg) 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Acenapthene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

B-(gbj)perylene 

Chxysene 

Dibenzofuran 

Fluoranthene 

Flourene 

Indene( 1,2,3cd) pyrene 

Naphthalene 

Phenanthrene 

m e  
CNitrophenol 

Tetrachloroethene 

Tetrachlorodibenzo-p-dioxin 

Tetrachlorodibenzofuran 

Heptachlorodiimpdioxin 

Heptachlorodiimfimn 

Hexachlorodibenzo-@oxin 

Hexachlorodibenzofuran 

~ U l R U I R 1 2 2 9 ~ / l w 1 - 9 3 n ~ 8 p  

1.03 x 10' 

5.92 x 10' 

6.80 x 10' 

1.90 x loo 

2.70 x 10' 

4.70 x 10' 

4.50 x 10' 

5.20 x 10' 

3.70 x 10' 

9.90 x 10-1 

1.4ox 10' 

1.10 x 10' 

2.20 x 10' 

9.90 x lo-' 

1.10 x 100 

1.20 x 10' 

9.oox loo 

3.00x 10' 

3.86 x 10' 

2.30 x 10' 

4.70 x 104 

3.11 x 

3.16 x lo-' 

5.58 

2.29 lo-' 

9.5 

0520 
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44 
TABLE E3-5 
(Continued) 

Pit 4 

OctaChlOrodibe~p-dIO~ 6.52 

octachlorodibemfuran 3.66 

1,23,7,8-Pentachlorodibenzofuran 1.39 

2,3,4,7,8-Pentachlorodibemfuran 1.74 

Tributyl phosphate 7.20 x 10' 

a Concentration is the larger of the UCLS calculated for 
the CIS and RUFS data bases. 
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TABLE E3-6 

iuiiCIpO§pii]ELD mP’m PA-TEs FOR 
CURRENT LAND USE OF OU-1 

Pit 1 Pit2 . Pit3 Pit4 Pit5 Pit6 BumPit 

Geometry 

Source radius (m) 
Source density (g/cm3) 

Shield No. 2 
density (g/cc) 
thickness (m) 

Air gap thickness (m) 
Distance from source (m) 

source term. 

Cylinder 
49.4 
1.94 

1.5 
0.3 
0 

0 
Pit 1 

material 

Cylinder 

36.4 
0.682 

1.5 
0.38 

0 

0 
Pit 2 

material 

Cylinder Cylinder 
84.4 49.8 

0.735 1.58 

1.5 1.5 
0.33 1.33 

0 0 

0 0 

Pit 3 Fit4 
material material 

Bum pit 
material 

--- 

* The source term includes the daughters of al l  radionuclides in the current inventory. The daughter 
concenmtions are obtained by calculating the concenuation of the current inventory 120 years ago, then 
allowing the concenrrarions of the 120 years ago to decay for 120 years. This p m s  brings the 
concentrations of the parent radionuclides back to their current values. and adds the daughter 
concentrations to the inventory as well. 

E-3-71 
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TABLE E3-7 
MICROSHIELD INPUT PARAMETERS FOR 

rmTuRE LAND USE OF OU-1 

~ ~ ~~ 
~ 

Pit1 Pit2 Pit3 Pit4 Pit5 Pit6 BumPit 

Geometq 

Source dimensions (m) 

Source density @/an3) 

Shield No. 2 

Density 
Thickness (m) 

Air gap thickness (m) 
Distance from source (m) 

source term 

Cylinder 

84.4 

0.735 

0 
0 

0.001 

0.001 

Pit 3 
material 

--- 

Rectangular Rectangular 
86.6 x 86.6 38.9 x 38.9 

x 8.5 x 24 

0.41 1 1.22 

0 0 

0 0 

0.01 0.01 

0.01 0.01 

Pit 5 Pit 6 
material material 

--- 

a The source term is the current inventory allowed to decay for 100 years. D 
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47 TABLE E3-8 

DOSE RATES AT 1 METER ABOVE 
OPERABLE UMT 1 SOURCE PITS 

( m d r )  

Current Source Termb Future Source Termb 
Configuration Configuration 

Pit 1 

Pit 2 

Pit 3 

Pit 4 

Pit 5 

Pit 6 

Bum Pit 

Clearwell 

2.4 x lo2 
5.7 x lo2 
4.4 x lo2 
7.8 x lob 

N A ~  

N A ~  

N A ~  

0.14 

2.4 x 10' 
5.7 x 10' 

1.3" 

7.8 x lo4 

54" 

156" 

0.14 

N A ~  

The source pits were modeled as circular slabs having a surface areas equal to each 
pit. 

k l u d e s  al l  radionuclides detected in the source plus their shott-lived daughters. 
'Pit 3 is assumed to have no soil wver in the future source term configuration. 
'?his pit is assumed to be- covered with water. 
'pits 5 and 6 were modeled assuming half their contents are exposed to air in the 
hture. 

._ 

E-3-73 FwxxI l~ lp9AE3-8n  01-93w27p 
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TABLE E3-9 
EXPOSURE POINT CONCENTRATIONS 

CURRENT SOURCE TERM 
ON-PROPERTY SURFACE WATER 

surface surface surface Area 
Water in Water in Water in Weighted 

Pit 5 Pit 6 Clearwell Average 

Surface Area (m') 1.50 x lo' 3.01 x l@ 2.74 x 10' 2.075 x 10' 

Radionuclides (pCVL) 

CS- 137 
Ra-226 
Ra-228 
Sr-90 

Tc-99 

Th-230 
U-234 
U-235 
U-238 

9.00 x lo' 
ND 
ND 

4.10 x lo' 
320 x l@ 
1.00 x 10' 
4.20 x l@ 
1.90 x lo' 
4.00 x loz 

NIY 
ND 

2.57 x 10' 
ND 

2.75 x 10' 
3.00 x 10' 

7.70 x 10' 
9.30 x 10" 
4.60 x loz 

ND 
1.10 x loo 
ND 
ND 

4.03 x 10' 
4.00x 10' 
1.90x 10' 
1.mx loz 
6-20 x 10' 

6.5 x 10' 
1.45 x 10' 
3.73 x 10' 
2.96 x 10' 
1.16 x l@ 
1.9 x 10' 

5.66 x 102 
3.10 x 10' 
1.17 x l@ 

Chemicals (m@) 
Benzene 
Antimony 
Arsenic 
BariW 

copper 
Cyanide 

Lead 
Nickel 

Selenium 
Silver 
Vanadium 

zinc 

1.10 x 10' 
450 x 10' 
2.10 x 103 
1.08 x 10' 
2.10 x 10' 
8.70 x 10' 
2.90 103 

2.10 x 1 0 3  
2.10 x 10' 

ND 
4.70 x 10' 
1.14 x 10' 

ND 
1.70 x lo3 
ND 
ND 
ND 

1.00 x loz 
2.90 x 1 0 3  

ND 
ND 
ND 
ND 

1.14 x 10' 

ND 
ND 

4.20x 1 0 3  
ND 

1.90 x 10' 
8.70 x 10' 
ND 
ND 

3.00 x 1 0 3  
1.40 x 10' 
5.13 x 10' 
4.70 x 10' 

7.95 x 1 0 3  
3.0 x 1 0 3  

2.07 x 10-3 
7.81 x lo-' 
1.77 x 10' 
7.58 x 10' 
2.52 x l o 3  

1.52 x 10' 

1.91 x l o 3  
1.85 x 10' 
1;M x 10' 
1.05 x 10' 

ND - Not detected or is not a CPC for this area Concentration assumed to be zero for calculation of 
weighted average concentration. 
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TABLE E3-10 

E X 3 8 S r n  POINT CONCENrnrnONS 
ON-PROPERTY SURFACE WATER 

FUTURE SOURCE TERM 

Surface Surface S l U f W  Area 
Water in Water in Water in Weighted 

Pit 5 Pit 6 Clearwell Average 
~ ~ ~~ ~~~ 

Surface area (m3 7.50 x 10' 1.51 x 10' 2.74 x 10' 1.2 x 10' 

Radionuclides @ C a )  

CS- 137 
~~ 

9.00 x lo' 
Ra-226 ND 
Sr-90 
Tc-99 
Th-230 

4.10 x lo' 
3.24)~ lo2 
1.00 x 10' 

u-234 4.24)~ I@ 

U-235 1.90 x lo' 
U-238 4.00 x lo2 
Chemicals (m&) 

NIY 
ND 
ND 

2.75 x 10' 
3.00x 10' 
7.70 x 10' 
9.30 x 100 
4.60 x lo2 

ND 
1.10 x lop 
ND 

4.03 x 10' 
4.00 x 10' 
1.90x 10' 
1.20x lo2 
6.20~ 10' 

5.6~ lo' 
2.5 x 10' 
2.6 x lo' 
1.5 x 103 
1.9 x 10' 
7.1 x 102 - 
4.0~ lo' 
1.7 x 10' 

Benzene 
Antimony 
Arsenic 

Barium 

copper 
Cyanide 
Lead 
Nickel 
Selenium 

Silver 
V d U m  

Zinc 

1.10 x 10' ND ND 6.9 1 0 3  

450 x lo3 1.70 x 10' ND 3.0 x 1 0 3  
2.10 x 10' ND 4.20 x 1 0 3  2.3 x 1 0 3  

1.08 x 10' ND 
2.10 x 10' ND 
8.70 x 10' 1.00 x 10' 
2.90 x 1 0 3  2.90 x 10' 
2.10 x 10' ND 
2.10 x 1 0 3  ND 
ND ND 

4.70 x 10' ND 
1.14 x 10' 1.14 x 10' 

ND 
1.90 x lo2 
8.70 x lo2 
ND 
m 

3.00 103 
1.4ox lo2 
5.13 x 10' 
4.70 x lo2 

6.8 x 10' 
1.8 x lo2 
7.6 x lo2 
2.2 1 0 3  

2.0 1 0 3  

3.2 1 0 3  

1.3 x lo2 

1.5 x 10' 
9.6 x 10' 

ND - Not detected or is not a CPC for this area. Concentdon is assumed to be zero for calculation of 
weighted average concenaation. 
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TABLE E.3-11 

478 ESTIMATED EXPOSURE POINT CONCENTRATIONS 
GREAT MIAMI RIVER 

Chemical Concentration 
Radionuclide (pCi/L) 
CS-137 2.80 x lo4 
Np237 4.61 x 10-5 
PU-238 
PU-239/240 

1.20 x lo4 
2.99 x 10-7 

Sr-90 8.72 x lod 
Tc-99 2.02 x lo-] 
Th-230 6.58 x 10-5 
Th-232 
u-234 
U-235 

3.79 x lV 
2.53 x 1U2 
2.86 x 10-3 

U-238 1.03 x lo-' 
Inorganics and Organics (mg/L) 

Aroclor-1254 1.1 x 1o'O 
Aroclor-1260 1.6 x lo'' 
Antimony 6.9 107 
Arsenic 1.0 x 107 
Barium 2.5 1 0 7  
Beryllium 3.1 109 
Cadmium 5.9 x lo8 
Chromium 
cobalt 
Copper 
Lead 
Manganese 
Molybdenum 
Nickel 
Silver 
Thallium 
UraniUm' 
Vanadium 
Zinc 

'calculated from radioisotopic results 

4.9 x lo8 
9.6 x 1U8 

2.7 x lU8 
6.9 107 

1.6 105 
2.4 x io7 
2.3 x 10' 
2.5 x 107 
2.4 x 1u9 

1.0 x 107 
3.1 x lo" 

9.9 x lo* 
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TABLE E.3-12 

ESTiMATED EWOSUXE POINT CONCENTSATIONS 
PADDYS RUN SEDIMENT 

Chemical Concentration 

Radiological (pci/g) 

CS- 137 

Np237 

1.0 x loo 

5.0 x 10' 

Pu-238 4.0 x 10' 

Pu-239/240 1.0 x 10' 

Sr-90 

Tc-99 

1.7 x loo 

4.7 x loo 

Th-230 7.5 x 10' 

Th-232 4.3 x loo 

u-234 6.0 x 10' 

U-235 6.7 x le 
U-238 2.4 x le 
Organics (mg) 

Aroclor- 1254 1.4 x loo 

Q 
Aroclor-1260 2.0 x lo-' 

Inorganics (mg/kg) 

Antimony 

Arsenic 

BiUiUU 

Beryllium 

Cadmium 

Chromium 

cobalt 

Copper 
Lead 

Manganese 

Molybdenum 

Nickel ' . 

2.72 x 10' 

4.90 x loo 

5.69 x 10' 

8.00 x 10' 

5.80 x loo 

1.43 x 10' 

1.04 x 10' 

1.70 x 10' 

1.59 x 10' 

5.74 x l b  

4.30 x 10' 

2.94 x 10' 
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TABLE E.3-12 
(Continued) 

Chemical Concentration 

Silver 

Thallium 

UraniUm' 

Vanadium 

Zinc 

'Concentration calculated from radioisotopic results. 

8.89 x 100 
7.00 x 10' 

7.30 x le 
1.96 x 10' 

4.67 x 10' 

(1579 
E-3-78 
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TABLE -13 

MAXIMUM ESTIMATED EXPOSURE POINT CONCENTRATIONS 

FUTURE SOURCE TERM 
ON- AND OFF-PROPERTY GROUNDWATER 

Great Miami Aquifer Great Miami Aquifer 
@-ppoperty Qff-bprty Perched Water 

constituents (630 years) (680 Y e w  On-FrOPerty 

Radionuclides @Ci/L) 
~ 

CS- 137 

Np237 

PU-238 

PU-239/240 
Ra-226 
Sr-90 . 

TC-99 

Th-230 

Th-232 

u-234 

U-235 

U-238 

NA' 

1.16 x 104 
1.33 x 10' 

NA 

1.78 x 16 
4.69 x lU3 
1.65 x lo' 
1.04 x loo 

NA 

8.83 x ld 
2.05 x Id 
4.18 x Id 

NA 

1.24 x 10" 

NA 

NA 

NA 

5.9 x 106 
3.13 x 16 

NA 

NA 

6.24 x lo' 
1.44 x 10' 

2.95 x ld 

9.01 x 10' 

7.47 x loo 

4.89 x 10' 

4.96 x 10' 
7.25 x 10' 

4.03 x 10' 

2.74 x Id 
3.03 x 10' 

5.06 x 10' 
1.49 x Id 
2.76 X 100 
4.29 x Id 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

cobalt 

Copper 

Cyanide 

Lead 

1.75 x 10' 
5.82 x 10' 

6.51 x 10' 

NA 

3.08 x 103 
NA 

NA 

NA 

NA 

4.22 x 104 
5.80 x 10-3 

NA 

NA 

4.77 x 10-7 

NA 

6.77 x lo3 
NA 

NA 

NA 

NA 

1.24 x 10-8 

NA _. 

E-3-79 

9.56 x 10' 

6.32 x 10' 

1.96 x 10' 
2.04 x lo-' 
2.93 x le 
1.18 x 10' 
1.29 x 10' 

3.38 x 10' 

9.48 x 10' 

3.60 x loo 

6.91 x 10' 
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Great Miami Aquifer Great Miami Aquifer 
 property Off-property Perched Water 

Constituents (630 years) (680 years) On-prOPerty 

Manganese 2.07 x 1 6  NA 2.41 x lb) 

Mercury NA NA 2.18 x lo-' 

Molybdenum NA NA 1.15 x le 

Nickel NA NA 2.13 x lb) 

Selenium 

Silver 

Thallium 

Tin 

NA 

NA 

NA 

NA 

NA 3.80 x 10-3 

NA 6.67 x lo-' 

NA 7.54 x 10' 

NA 8.29 x lb) 

Uranium 1.26 x 10' 8.87 x 18' 5.00 x lb 

Vanadium NA NA 1.44 x 1 0  

zinc NA NA 1.79 x lb) 

Organics (mg/L) 

B Aroclor-1248 NA NA 5.0 x 10' 

Aroclor-1254 NA 

Acenaphthene NA 

Anthracene NA 

Benzo(a)anthracene NA 

Benzo(a)pyrene NA 

Bern@) fluoranthene NA 

Bern&) fluoranthene NA 

chrysene NA 

Dibenzo(a,h)antne NA 

Fluoranthene NA 

Fluorene NA 

Indeno(l2,3-cd)pyrene NA 

Naphthalene NA 

Phenanthrene NA 

NA 

4-Nitrophenol ' NA 
, . ' *  B 

m ~ 1 ~ i ~ ~ ~ ~ i m m i 3 n 0 . 0 1 - m ~ ~  

NA 

NA 

NA 

1.0 x 10' 

4.0 x' 10' 

4.0 x 10' 

NA 4.0 x 10' 

NA 

NA 

NA 

NA 

4.0 x 10' 

4.0 x 10' 

4.0 x 10' ' 

4.0 x 10' 

NA 1.0 x 10' 

NA 4.0 x 10' 

NA 4.0 x 10' 

NA 

NA 

NA 

4.0 x 10' 

1.6 x 10' 

4.0 x 10' 

NA 4.0 x 10' 

NA 1.0 x 10' 
OS,?? 

E-3-80 
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Great Miami Aquifer Great Miami Aquifer 
On-proPerty Off-property Perched Water 

Constituents (630 ye=) (680 years) On-mperty 

Pentachlorohen01 

Tetrachlomethene 

Vinyl chloride 

TCDF 

HpCDD 

HpCDF 

HxCDD 

HxCDF 

OCDD 

OCDF . 

1.2,3.7,8-PeCDF 

2,3,4,7,8-PeCDF 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

'NA - Not applicable. Contaminant did not pass screening or was not detected. 

0532 

2.0 x 10' 

1.4 x 10' 

1.0 x loo 

5.3 x lob 

2.0 x lob 

9.4 1 0 7  

7.5 x 1 0 7  

1.2 x lo6 

1.8 x lo6 

1.1 x lob 

1.0 x lo6 

-1.1 x lo6 

E-3-83 
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TABLE E3-14 
ESTIMATED EXPOSURE POINT CONCENTRATIONS 

CURRENT SOURCE TERM 
AIR - PMlO 

Airborne Contaminant 
Maximum On-Property Maximum Off-Property 

Location Location 

Radionuclides (pCi/m3) 
CS-137 2.9 x lo4 2.5 x 10-5 
Np237 1.4 x 104 1.2 x 10-5 
Pu-238 1.1 x 104 9.5 x lo4 
Pu-239t240 3.7 x 10-5 3.2 x lo4 
Ra-226 2.7 x 104 2.4 x 10-5 
Ra-228 3.4 x la4 3.0 x 10-5 

Sr-90 4.9 x lod 4.2 x 10-5 
Tc-99 2.5 x 10-3 2.2 x la4 

Th-230 2.1 x 10’ 1.9 x 10-3 
Th-232 1.2 x 10-3 1.1 x la4 
u-234 1.7 x 10’ 1.5 1 0 3  

U-238 7.0 x 10’ 6.2 x 10-3 

Aroclor- 1254 4.0 l o 7  3.5 x 10-8 

Arsenic 1.4 x lo4 1.2 x 10-7 

Beryllium 2.3 107 2.0 x lo4 
Cadmium 1.7 x 10-6 1.5 x 107 
Chromium 4.1 x 106 3.6 x 10-7 
cobalt 3.0 x lo4 2.6 x 10-7 
Copper 4.9 x 10-6 4.2 x 10-~ 
Lead 4.5 x lo4 4.0 x 10-7 
Manganese 1.6 x lod 1.4 x 10-5 
Molybdenum 1.2 x lo4 1.1 x 10-7 
Nickel 8.5 x lo4 7.4 x 
Silver 2.5 x 10-6 2.2 x 10-7 

Rn-222 2.8 x 10’ 2.3 x 100 

Th-228 1.6 x 10-3 1.4 x 104 

U-235/236 1.9 x 1 0 3  1.7 x 104 

Chemicals (mg/m3) 

Antimony 7.8 x lo4 6.8 x 

Barium 1.6 10-5 1.4 x 106 

Uranium 1.5 x 10-6 1.3 x lo4 

E-3-82 “533 ~ l R U I K . l 2 2 9 A E 3 1 4 A l 9 - 2 1 - 9 3 # : ~  
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Airborne contaminant 
Maximum On-Roperty Maximum Off-Property 

Location Location 

VanadiUm 
Zinc 

5.6 x l o b  
1.3 x l o b  

E-3-83 

4.9 x 1 0 7  
1.2 x 1 0 7  
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TABLE E.3-15 , 

ESTIMATED EXPOSURE POINT CONCENTRATIONS 

FUTURE SOURCE TERM 
AIR - PMlO 

Airborne Maximum On-Property Maximum Off-Property 
Contaminant Location Location 

Radionuclides (pCi/mj) 

CS- 137 
Np237 

Pu-238 

Pu-239/240 

Ra-226 

Rn-222 

Sr-90 

Tc-99 

Th-230 

Th-232 

u-234 

U-235/236 

U-238 

B 

B 

1.6 x 1 0 3  

1.3 x 1 0 3  

2.9 x lob 
3.0 x 1 0 3  

6.3 x 10' 

4.8 x Id 
1.5 1 0 3  

1.4 x 10' 

1.8 x 100 
8.0 x 10' 

2.6 x 10' 

2.3 x 10' 

3.6 x 10' 

1.9 x 10" 

1.4 x lW 
2.7 x 10-5 

2.5 x 10" 

5.2 x 1 0 3  

4.0 x 10' 

1.4 x 10" 

1.3 x 10' 
1.5 x 10' 

6.5 x lU3 

2.3 x lo-' 
2.2 1 0 3  . 

3.4 x lo-' 
Inorganics <mg/m') 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

cobalt 

Copper 
Cyanide 

Lead 

Manganese 
I ,  . .  
:- P .. 

~ l ~ . l Z 9 A E 3 1 N 1 9 - 2 1 - 9 3  4- ' ' c.: I 

1.3 x 1 0 5  

4.2 x 1 0 3  

2.2 x 1 0 3  

3.1 x 1 0 5  

4.0 x 1 0 5  

3.2 x 106 

5.7 x 106 

8.4 x 106 
5.7 x lob 
3.2 x 107 

3.4 x 1 0 3  

1.4 x lob 

53-84 

1.1 x lP 
3.4 x 10" 

2.0 x 10" 

2.7 x 10-7 

4.8 x 10-7 

7.3 x 10-7 

5.5 x 10' 

2.6 x lo-' 
1.1 x 10-5 

2.5 x 

3.3 x lo4 

2.8 x lo" 
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TABLE E3-15 
(Continued) 

~~ 

Airborne Maximum On-proPerty M&UIXI Off-prOprty 
Contaminant Location Location 

Mercury 
Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

Uranium 

Vanadium 

Zinc 

6.6 x lo7 
6.0 x 105 

5.7 x 105 

1.0 x 105 

8.7 x 106 

3.3 x 106 

3.9 x 105 

1.1 103 

1.0 x roO 

6.8 x lo5 

5.5 x 10-8 

5.4 x 10-6 

4.8 x 10' 

8.2 107 

7.6 107 

3.0 x 107 

3.2 x lo4 

8.9 x 1C2 

9.4 x 10-5 

5.7 x 106 
Organics (mg/m') 

Aroclor-1248 

Amlor-1254 

Benzo(a)anthracene 

Benzo(a)ppne 
Be-) fluoranthene 

Benm(gb,i)perylene 

chrY=m 
Indeno( 123-cd)ppne 

Pentachlorophenol 

Tetrachloroethene 

2.3.7.8- 
Tetrachlorodibenmfuran 

Heptachlomdibem-@oxin 

Heptachlomdibemfuran 

Hexachlorodibenzo-pdoxin 

Hexachlomdibenmfuran 

Octachlorodibenm-pdioxin 

Octachlomdibenm~ 

5.5 x 107 

5.0 1 0 7  

7.5 107 

7.1 x 108 

1.1 x 108 

3.2 x 108 

7.3 x 108 

2.6 x 108 

2.6 x 107 

1.2 x 1 0 7  

3.9 x lo-" 

6.3 x 

1.7 x 1U'O 

5.3 x 10'" 

5.5 x 10" 

2.5 x 1 0 9  

1.5 x 

4.4 x 10-8 

4.0 x lo4 

5.7 x 109 

6.1 x 1 0 9  . 

8.9 x 10-9 

2.5 x 10-9 

5.9 x 1 0 9  

2.1 x 10-9 

2.1 x 10-8 

1.5 x 10-8 

3.2 x 10" 

3.3 x 10" 

1.1 x 10" 

4.1 x 1012 

4.3 x 1012 

2.0 x 1 0 ' O  

1.2 x 10" 



TABLE E3-16 

EXPOSURE INPUT PARAMETERS 
CURRENT SOURCE TERM RECEPTORS 

User of Meat & Milk 
Pathway Trespassing Off-Roperty RME Grown Within Operable On-RoPerty 
Parameters Child Resident Adult Fanna Unit 1 Visitor 

. (units) Age 7- 18 Age 1-70 Age 1-70 Age 19-43 

-Inhalation of dust, volatlles, and radon 

' IR (m'/hr) 0.83' 0.83' N A ~  2.06 
IR m h r  (m'/d) NA 19 NA NA 

ET indm %/day) NA 18.3' NA NA 

ET outQors (lu/day) 4d 5 .T NA 2 
EF (day@) 52' 3 w  NA 2!w 
ED (yr) 1 2 4  7v NA 2 5 6  

BW erg) 43' 7v NA 74 
AT-Noncanca (day) 4380' 2555V NA 9125' 
ATCMCXI (day) 2555v Z55V NA 2555v 
Incldental Lngestba of solVsedlment 

lR Wday) 0.1' NA NA NA 

FI 0.29 NA NA NA 

EF (day@) 52' NA NA NA 

ED (yr) 12* NA NA NA 

BW erg) 43' NA NA NA 

AT-Noncancer (day) 4380' NA NA NA 

ATCancer (day) 2555v NA NA NA 

Dermal contact wltb soWsedlment 

SA (m') 

AF (mglcm') 

ABS (unitless) 

EF (day&) 

ED (Yr) 

0.38' 
1 .w 
csv 

5 26 

12* 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 1 
NA 

NA 

NA 

NA 

Qz! 



TABLE E3-16 
(Con tinued) 

@ fa User of Meat & Milk 
Pathway Trespassing Of€-- RME Orown Within Operable On-hperty 
Parameters Child Resident Adult F m a  unit 1 Visitor 
(uniW Age 7- 18 Age 1-70 Age 1-70 Age 19-43 

BW &g) 43' NA NA NA 

AT-No~wc~ (day) 4380' NA NA NA 

ATCanm (day) 2555v NA NA NA 

External mdlatloa exposure 

DR (d) CSV NA NA CSV 

ET outdoors (hrlday) 4d NA NA 2' 

EF (day&) 52' NA NA 250 

ED 01) 12 NA NA 25' 

SH outdoors (unitless) V NA NA V 

ET i n d m  */day) NA NA NA NA 

SH indoors (unitless) NA NA NA NA 

hestlon of venetrrbles and frult 

NA 4 2  NA NA 

NA 

NA 

NA 

NA 

80' 
3w 
7v 
7v 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

AT-Noncancex (day) NA 25550' NA NA 

ATCancer (day) NA 2555v NA NA 

Ingestion of meat, mlk, and fish 

IR(meat) x Fl (g/day) NA 75' 75' NA 

IR(milk) x FI (Uday) NA 0.3' 0.3' NA 

IR(fish) x R (%day) NA NA NA NA 

EF (day&) NA 3w 3 w  NA 

a m 



TABLE E3-16 
(Continued) 

User of Meat & Milk 
Trespassing Off-Roperty RME Orom Within operable o"-Roperty 

Child Resident Adult Farma unit 1 Visitor 
Age 7-18 Age 1-70 Age 1-70 Age 19-43 

NA 

NA 
NA 

7 v  ' 

7 v  

2555v 

ATCancer (day) NA 2555v 

7v 
7 v  

2555v 
2555v 

NA 

NA 
NA 

NA 

' W E  199% Risk Assessment Work Plan Addendum. 
'WA - Not applicable. 
"Assumes the M E  w& outdoors 2000 houdyear. 
%PA Region V. 
'EPA 1991a. 
'EPA 1992s. EPA 600/8-9l/Ollb. 
b v  - Chemical Specific Value. 
'Adjusted based on 25% of waking hours spent on pperty. as per EPA Region V. 
'EPA 1992e. EPA/600/8-91/01 lb. 
%PA 1991f. 



I TABLE E3-17 

EXPOSURE INPUT PARAMETERS 
FUTURE SOURCE TERM RECEPTORS 

Off-Roperty RME User of Meat & User of Oreat On-Raperty CT On-Roperty RME 
Trespassing Resident Adult Milk Grown Within Miami River Resident Adult Resident Adult On-Roperty RME On-property 

Child F m t X  Operable Unit 1 Water F.Stlilff F.Stlill?I Resident Child Home Building 
Age 1-6 Age 19+ 8 Age 7- 18 Age 1-70 Age 1-70 Age 1-70 Age 1-70 Age 1-70 

Pathway 
Parameters 
(units) - 

@ Inhalation of dusts, vdatlles, and radon 
IR (m'lhr) 0.83' 0.83' N A ~  NA 0.83' 0.83' 05' 0.83' 
IR indoor (m'/d) NA 15. NA NA 15" 15" 0.6' NA 
ET indm (hlday) NA 1 8 3  NA NA 19.8' 18.3" 22 5' 
ET O ~ t Q O n  (hr/dEy) 46 5.7 NA NA 4.2* 5 .T r 5' 
EF (day&) 52 35v NA NA 275' 3w 3 w  sd 
ED (yr) 12* 7v NA NA sd 74 6' 1' 
BW @g) 43' 7v NA NA 7v 7v 15' 7v 
AT-Noncanca (day) 4380' 2555v NA NA 3285' 2555V 2 1 w  365' 
ATCancer (day) 2555v 2555V NA NA 2555V 2555V 2555V 2555V 
Drlaklngwater 

Y IRxFIWday) NA 2' NA 2' 1.4* 2' 1.4' NA 

EF(day&) NA 350' NA 3 w  275* 3 w  3 w  NA 

ED 07) NA 7v NA 7v 9* 7v 6' NA 

BW @g) NA 7v NA 7v 7v 7v 15' NA 
AT-Noncanca (day) NA 2555v NA 2555V 3285' 2555v 21w NA a 

CT( ATCancer(day) NA 2555V NA 2555V 2555V 2555V 2555v NA 
b b  Inhalation of volatUes released from water by showering and other household uses 

IR (m'/d) NA lsn NA 15" 15" 15" 15" NA 
EF (day&) NA 35v NA 35v 275* 3 w  35v NA 
ED 07) NA 7v NA 7 v  Sd 7v 6' NA 
BW Org) NA 7v NA 7v 7v 7v 15' NA 
AT-Noncancer (day) NA 2555V NA 2555v 3285' 2555v 2190' NA 
AT-Cancer (day) NA 2555v NA 2555V 2555v 25558 2555v NA . 
Dermal contact whlle bathlag 

SA (m') NA 2.v NA 2.v 2.v 2.v 0.72 NA 
(6) NA CSV' NA CSV CSV CSV CSV NA 

IX (hr/day) NA 0.29 NA 0.W 0.17' 0.W 0.33" NA 



TABLE E3-17 
(Continued) 

Off-RopertyRME UserofMeatBt UserofGreat On-propertycT 
Pathway Trespassing Resident Adult Milk Grown Within Miami River . Resident Adult 

(units) Age 7-18 Age 1-70 Age 1-70 Age 1-70 Age 1-70 

EF (day&) NA 3 5 v  NA 3 w  275' 

ED 01) NA 7 v  NA 7 4  9* 

BW (kg) NA 7 v  NA 70' 70' 

AT-Nonamce (day) NA 2555v NA 2555v 3285' 

Pmflmeters Child F8IYller -able Unit 1 Water F8IYlle.I 

On-hperty RME 
Resident Adult 

FEllTIer 
Age 1-70 

3 w  
7 v  
7 v  

2555v 

on-RopertyRME on-Roperty 
Resident Child Home Building 

Age 1-6 Age 19+ 

3 w  NA 
6' NA 
15' NA 

2 1 w  NA 
ATCmcer (day) NA 2555v NA 2555v 2555v 2555v 2555v NA 
Ineldental lngestbn wblle swtmmlng 

IRxFI(I#u) NA NA NA 0.09 NA NA NA NA 
ET WdaY) NA NA NA 2.8 NA NA NA NA 
EF (day&) NA NA NA 7' NA NA NA NA 
ED (yr) NA NA NA 3v NA NA NA NA 
BW (kd NA NA NA 7v NA NA NA NA 

p AT-Noncanca (day) NA NA NA 10950' NA NA NA NA 
AT-Cmwr(day) NA NA NA 2555v NA NA NA NA 

8 Dermal contact while swimming 

SA (m') NA NA NA 2.w NA NA NA NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA CSV NA NA 
NA 2.8 NA NA 
NA 7' NA NA 
NA 3 w  NA NA 
NA 7 v  NA NA 
NA 1095v NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

AT-Cancer (day) NA NA NA 2555v NA NA NA NA 
Incidental Lngestlon of soiVsediment 

IR W a y )  0.1' NA NA NA 0.1226 0.189 0 2  O.4gd 06. 
-2 FI 0.25P NA NA NA 1' 1' 1' 1' 

EF (day&) 5 2  NA NA NA 275' 35v 35v 5d ' 

ED (Yr) 12 NA NA NA 9 d  7 v  6' 1' 

BW (kg) 43' NA NA NA 7w 7 v  15' 7v 
AT-Noncanca (day) 438W NA NA NA ' 3285' 2555W 2 1 w  365' 

FERylUl RUJKl P9AE.317/lO-O1-93/4:3Sp11 



I 
tr TABLE E317 

(Continued) 

Off-RoPerty RME User of Meat & User of Oreat On-Property CT On-Property RME 
Pathway Trespassing Resident Adult Milk Grown Within Miami River Resident Adult Resident Adult On-Roperry RME On-Roperry 
Parameters child FlUlna Opaable unit 1 Water F m a  FQma Resident Child Home Building 
(units) Age 7-18 Age 1-70 Age 1-70 Age 1-70 Age 1-70 Age 1-70 Age 1-6 Age 19+ 

ATCancer (day) 25550 NA NA NA 2555v 25550 2555v 25550 
Dermal contact with BoWsedlment 

' S A ( m 3  03SJ NA NA NA 0 3  0.9 0.w 0.9 

AF (mdcm3 1 .w NA NA NA 0.2 1 .oL 1 .oL 1 .oL 
ABS (unitless) aw NA NA NA CSV CSV CSV CSV 

EF (day&) 5P NA NA NA 40' 3 w  3 w  50' 
ED 07) 12 NA NA NA 9' 7v 6' 1' 
BW (kg) 43' NA NA NA 7v 7v 15' 70 
AT-Non~an~er  (day) 4380' NA NA NA 3285' 2555v 21w 365' 
ATCancer (day) 2555v NA NA NA 2555v 2555v 2555v 2555v 
External radlatlon expasure 

p~ DR(mmn/hr) CSV NA NA NA CSV CSV CSV CSV 

ETidoors (hr/day) NA NA 
2 ET o u t d m  (hr/day) 44 NA 

EF (day&) 52 NA 
C? ED (yr) 12 NA 

NA NA ' LP 1 Jr SH indoors (unitless) 

NA NA 19.8' 18.3" 2 5' 
NA NA 4.2' 5.P r 5' 
NA NA 275' 3 w  35v 56 
NA NA 9' 74 6' 1' 
NA NA 0.5' 05' 05' 05' 

SH outdoorj (unitless) v NA NA NA v V v (Y 

Ingestbn of vegetables and kult 

IR(fruit) x FI (g/day) NA 42' NA 42' 28d 42' w NA 
IR(vegetnb1es) x FI (g/day) NA 8V NA 8V 5od 8V 61.5" NA 
EF (day&) NA 350' NA 354 275' 35v 35v NA 
ED (yr) NA 7v NA 7v 9' 7v 6' NA 
BW (kg) NA 7v NA 7v 7v 7v 15' NA 
AT-Noncancer (day) NA 2555v NA 2555v 3285' 2555v 2190' NA 
ATCancer (day) NA 2555v NA 2555v 2555v 2555v 2555v NA 



TABLE E3-17 
(Continued) 

Off-RopertyRME UserofMeatkk U s e r o f h a t  On-RopertyCT On-RoperryRME 
Tmpassmg Resident Adult Milk h w n  Within Miami River Resident Adult Resident Adult On-Roperty RME On-Roperty 

Age 7-18 Age 1-70 Age 1-70 Age 1-70 Age 1-70 Age 1-70 Age 1-6 Age 19+ 
Child FEmler Operable Unit 1 Watcr FQma FaIllla Resident Child Home Building 

Ingestloa of meat, mllk, and llsb 
IR(meat) x R (glday) NA 75' 75' 75' 5od 75' 2Y NA 
l.Nmilk) x Fl (UdaY) NA 0.3' 03' 03' 0.2' 03' 0.P NA 

EF (daylyr) NA 350' 3 w  35v 275' 35v 3w NA 

ED (yr) NA 7v  7v  7 v  9 .  7 v  6' NA 

BW Org) NA 7v 7v 7 v  7 v  7 v  15' NA 
AT-Noncanca (day) NA 2555v 2555v 2555v 3285' 2555v 21w NA 
ATCancer (day) NA 25550 2555v 2555v 2555v 2555v 2555v NA 

WfiSh) x FI (gldaY) NA NA NA 54' NA NA NA NA 

'DOE 159% Risk Assessment Work Plan Addendum 
"NA - Not applicable 
'Assumes the RME works outdoors uw)o hours/year 
%PA Region V 
'Assumes a resident small child spends 700 hom&elrr outdoor 
'Assumes a home builder spends 500 hours in one year building a home, spending 50% of his time working idon the house, and 50% of the time working idon the soivwaste (NRC 1985, Impacts 
BRC). 

%PA 1992e. EPA/600/8-911011 b. 

'csv - Chemical Specific Value 
%PA 1992e. EPAJ600/8-91/01 lb. 
%PA 1992e. EPAJ60/8-91/01 Ib. 
'EPA 1992e. EPA/600/8-91/01 lb. 
"USDA 1986, NFCS. CSFlI R w  No. 85-1. 

hEPA 1992e. EPAJ600/8-91/01 Ib. 

%PA. 1991f. RAGS, P m  B. 
%PA, 1992.  EPA/600/8-911011b. 
PAdjusted based on 25% of waking hours spent on property, as per EPA Region V. 
qSee Section E.3.6.6.5. 

f ' *  
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A -  9 %  
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Exposum Route 

Sur(ace Water In Plls 

1) The objectbe d quantHyhg risks to thIs receptoc Is to Isolate and evaluate he h p a  ot using m a t  and dairy producls produced on-property. 
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E.4.0 TOXICITY ASSESSMENT 1 

This toxicity assessment examines infomation concerning the potential human health effects of 
e x p o r n  to constituents of potential concern (CPc) in the Operable Unit 1 Study Area Its goal is to 
provide, for each listed constituent, a quantitative estimate of the relationship between the magnitude 
and type of exposure and the severity or probability of human health effects. The toxicity values 

potential for adverse health effects to occur. 

2 

3 

4 

5 

6 

7 

derived in this section are hegrated with the exposure assessment (Section E.3.0) to characterize the 

The toxicological evaluation involves a critical review and interpretation of toxicity data from 
epidemiological, clinical. animal, and in vitro studies. This review of the scientific data ideally 
determines both the nature of the health effects associated with a particular chemical, and the 
probability that a given quantity of a chemical could mult in an adverse effect. This analysis defines 
the relationship between the dose received and the incidence of an adverse effect for those chemicals 

8 

9 

10 

11 

12 

13 selected in Sections E.2.0 and E.3.0 of this Appendix. 

The entire toxicological data base is used to guide the derivation of cancer slope factors (CSFs) for 14 

IS 

16 

17 

18 

19 

carcinogenic effects and reference dose (FUD) values for noncarcinogenic effects. This data-may 
include epidemiological studies, long-term animal bioassays, short-term tests, and comparisons of 
molecular structure. Data from these sources are reviewed to determine if a chemical is likely to be D toxic to humans. Due to the lack of available human studies, however, the majority of toxicity data 
used to derive cancer slope factors and reference dose values comes from animal studies. 

For noncarcinogenic effects, the most appropriate animal model, i.e., the species biologically most 
similar to the human, is identified. Pharmacokinetic data often enter into th is  determination. In the 
absence of suffigent data to identify the most appropriate animal model, the most sensitive animal 
species is chosen. The RfD is generally derived from the most comprehensive toxicology study that 
characterizes the dose-response relationship for the critical effect of the chemical. Preference is given 
to studies using the exposure route of concern; in the absence of such data, however, an RfD for one 
route of exposure may be extrapolated from data from a study that used a different mute of exposure. 
Such extrapolation must take into account pharmacokinetic and toxicological differences between 
routes of exposure. Uncertainty factors are applied to the highest no-observed adverse effect level 
(NOAEL) to adjust for inter- and intraspecies variation. deficiencies in the toxicological database, and 
use of subchronic rather than chronic animal studies. Additional uncertainty factors may be applied to 
estimate a NOAEL from a lowest observed adverse effect level (LOAEL) if the key study failed to 

determine a NOAEL. When chemical-specific data are not sufficient, an RfD may be derived from 
data for a chemical with structural and toxicologic similarity. 

20 
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Cancer slope factors (CSFs) for weight-of-evidence Gmup A or B chemicals are generally derived 
from positive cancer studies that adequately identify the target organ in the est animal and 
characterize the dose-response relationship. CSFs are derived for Group C compounds for which the 
data are sufficient, but are not derived for Group D or E chemicals. No consideration is given to 
similarity in the animal and human target organ@), because a chemical capable of inducing cancer in 
any animal tissue is considered potentially carcinogenic to humans. Preference is given to studies 
using the route of exposure of concern, in which normal physiologic function was not impaired, and in 
which exposure o c c d  during most of the animal’s lifetime. Exposure and pharmacokinetic 
considerations are used to estimate equivalent human doses for computation of the slope factor. When 
a number of studies of similar quality axe available, the data may be combined in the derivation of a 
slope factor. 

Section E.4.1 presents the methodologies, assumptions, and sources of information used to perform the 
toxicity assessment for all Operable Unit 1 waste storage areas. An uncertainty analysis of the toxicity 
assessment is presented in Section E.42. Toxicological summaries for CPCs identified in Section E.2 
are included in Section E.4.3. 

E.4.1 TOXICITY INFORh4ATION FOR CONTAMINANTS OF POTENTIAL CONCERN 
Certain chemical and radiological constituents found in Operable Unit 1 wastes are known or potential 
carcinogens in humans. It is generally assumed in health risk assessment that any dose of a 
carcinogen may result in cancer induction. The EPA assumes that a small number of molecular events 
can cause single-cell changes that can lead to uncontrolled cellular proliferation. This “nonthreshold” 
hypothesis assumes there is essentially no level of exposure that does not pose some level of 
carcinogenic risk. 

As pointed out in EPA 1989a. certain fundamental differences exist between radionuclides and 
chemicals that somewhat simplify toxicity assessment for radionuclides. Because of these differences, 
the carcinogenic effects of radiation and chemicals are presented separately. 

E.4.1.1 Radiocarcinoizens 
Some elements have isotopes consisting of unstable atoms (Le.. they undergo spontaneous 
transformation into more stable atoms). These isotopes are said to be radioactive, and the 
transformation process is known as radioactive decay. Radioactive decay is usually accompanied by 
the emission of charged particles and gamma rays. These emissions are called radiation. There are 
three types of radiation, which are potentially of concern at the FEMP: alpha, beta, and gamma. 
Alpha and beta radiation consist of charged p d c l e s  capable of ionizing nearby matter. These 
radiations generally have little ability to penetrate deeply into adjacent matter, and can be interdicted 
by skin. air, and clothing. In most cases, the emission of an alpha or beta particle from an atom is 
followed by a release of x-rays or gamma radiation. Depending on their energies, these radiations may 
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have considerably more penetration power than either alpha or beta radiation and are thus more B difficulttoshield. 

Radiation e x p o r n  can be separated into extemal and intemal exposures. External exposure occufs 
when the radionuclide is outside of the body. Because alpha and beta radiation generally have a low 
penetrating power, skin and air become effective radiation shields in most cases. Therefore, external 
exposures to gamma radiation are the primary concern at environmental levels. Intemal exposure 
occurs after the radionuclide enters the body via inhalation or ingestion. For intemal exposures, alpha 
and beta particles become more important because their energy is directly absorbed by living cells. 

1 

2 

Inhalation and ingestion are the primary routes for intemal exposure to radionuclides. Biologically 
sigmficant exposures to alpha and beta emitters are more probable for internal exposure because the 
emitter is in direct contact with tissue. Once in the body, exposure depends on the absorption and 
retention characteristics of the radionuclide. These absorption and retention characteristics are based 

9 

10 

11 

12 

13 

14 

IS 

on the chemical fom of the radionuclide in a compound and not on the isotopic form of the 
radionuclide. GI absorption factors and lung retention classifications for the radionuclides of concern 
are p n x n t d  in Table E.4-1. 

Radioactive contamination within Operable Unit 1 is characterized as low-level ionizing radiation. 
The principal adverse biological effects associated with ionizing radiation from radioactive substances 
in the environment are mutagenicity, teratogenicity, and carcinogenicity. Mutagenicity is the ability to 
induce genetic mutations in the nuclei of either body cells or reproductive cells. Teratogenicity is the 
ability to induce or increase the incidence of congenital malformations, which are permanent structural 
or functional deviations produced during embryonic growth and development. Carcinogenicity is the 
ability to produce cancer. The carcinogenicity of a radioactive isotope of an element depends on 
several factors including: 

D 

The type of radiation emitted by the radioisotope 
The energy of the radiation emitted 
The radiological half-life of the isotope 
The retention and concentration characteristics of the radioisotope in the human body 

Carcinogenicity is believed to be the limiting deleterious effect at the levels of radiation dose 
encounted within Operable Unit 1 and has been used as the sole basis for assessing the radiation- 
related human health risks of a site contaminated with radionuclides (EPA 1989a). 

The relationship between radiation dose and health effects is relatively well characterized for high 
doses (Le. >10 rad). Hence, risk estimates are strictly applicable only to large populations exposed to 
high levels of radiation. Lower levels of exposure may constitute a health risk, but a direct cause and 
effect relationship is difficult to establish because a particular effect in a specific individual can be D 
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produced by many different processes. For low doses, health effects are presumed to occur but can 

ionizing radiation must be extrapolated from incidence data at higher doses. 
mi>j be e s ! k a  stZtisic2l!y. n.erefore, !he rk!c of cmwr inci.defiw fmr?l expslm to !ow !eveh nf 

Under CERCLA methodology, the EPA assumes a unit intake of, or external exposure to. a 
radionuclide over a lifetime. The annual radiation dose equivalent from the radionuclide to each organ 
in each year of life is calculated. The average excess number of all types of radiation-induced fatal 
cancers that occur in a year is then estimated for the corresponding dose equivalents received during 
that year and relevant preceding years. The excess number of radiation-induced fatal cancers is 
derived from epidemiological data, extrapolation from high radiation doses to low doses, and 
hypothetical models for projecting risk through a lifetime. The relationship between cancer incidence 
and exposure to radioactive materials is quantified by using mathematical extrapolation models, which 
estimate the largest possible linear slope (within the 95 percent confidence limit) at low extrapolated 
doses consistent with the data. Because EPA is concerned with assessing cancer incidence, each 
radionuclide slope factor has been calculated by dividing the excess fatal cancer risk for that 
radionuclide by the mortality-to-incidence risk ratio (EPA 1989a) for the types of cancer induced by 
that radionuclide. This "radiocarcinogenicity slope factor" thus is characterized as the "maximum 
likelihood estimate of the age-averaged lifetime total excess cancer risk per unit intake or exposure" 
(EPA 1991b). That is, the true risk to humans, although not identifiable, is not likely to exceed this 
upperbound estimate; it may, in fact, be lower. 

- 

The EPA Office of Radiation Programs (OW) has calculated cancer slope factors for radionuclides of 
potential concern at Superfund sites. These values are listed in EPA's Health Effects Assessmenr 

Swnmary Tables (HEAST, Table C) (EPA 1991b; EPA 1992b) and are presented as the risk of cancer 
incidence per unit intake of a radionuclide contaminant. The radionuclide slope factors used in this 
assessment are expressed in units of pCi-' or @-y and are presented in Table E.4-1. 

E.4.1.2 Chemical Carcinogens 
The toxicity information considered in the assessment of potential carcinogenic risks includes (1) a 
weight-of-evidence classification and (2) a slope factor. The weight-of-evidence classification 
qualitatively describes the likelihood that a chemical is a human carcinogen and is based on an 
evaluation of the available data from human and animal studies. A chemical may be placed in one of 
three p u p s  in EPA's classification system to indicate its potential for carcinogenic effects: Group A, 

a human carcinogen; Group B1, or B2, a probable human carcinogen; and Group C, a possible human 
carcinogen. Chemicals that cannot be classified as human carcinogens because of a lack of data are 
placed in Group D, and those for which there is evidence of noncarcinogenicity in humans am placed 
in Group E. 
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Carcinogenic risks ass0ciated with PAHs are evaluated using the relative potency approach described 

potency of the individual PAHs and allows site-specific relative concentrations to be expressed in the 
risk assessment. The relative potency factors for PAHs are presented in Table E.4-4. 

' by Clement (1988 and 1990). This approach, approved by EPA Region V, considers the ielaiive 

E.4.1.3 Noncarcinoeenic Chemicals 
For noncarcinogens, it is assumed that a dose exists below which no adverse health effects will be 
seen. Below this "threshold" dose, exposure to a chemical can be tolerated without adverse effects. 
For noncarcinogens, a range of exposure exists that can be tolerated without adverse effects. Toxic 
effects are manifested only when physiologic protective mechanisms are overcome by exposures to a 

constituent above its threshold level. Maternal and developmental endpoints are considered systemic 
toxicity. 

The potential for noncarcinogenic health effects resulting from exposure to chemical contaminants is 
assessed by comparing an exposure estimate (intake) to a reference dose (RfD). The IUD is expressed 
in units of mg/kg/day and 1.epresents a daily intake of contaminant per kilogram of body weight that is 
not sufficient to cause the threshold effect of concern for the contaminant. An IUD is specific to the 
chemical, the route of exposure. and the duration over which the exposure occurs. Separate RfDs are 
presented for ingestion and inhalation pathways. EPA (1992b) presents reference concentrations 
(Rfcs) for the inhalation mute. Inhalation noncancer toxicity values a~ usually expressed as 
inhalation concentrations (RfCs) in units of m a 3 .  Because noncancer risk characterization requires 
an estimate of dose in units of mg/kg-day, the inhalation RfC must be converted to an inhalation IUD 
the inhalation RfC. This is done by assuming humans weigh 70 kg and inhale 20 m3 of air per day 
(Le., the inhalation RfC ( m a 3 )  multiplied by 20 m3/day and divided by 70 kg yields an inhalation 
RfD ( m a g d a y ) .  To derive an IUD. the EPA reviews all relevant human and animal studies for each 
compound and selects the study (studies) pertinent to the derivation of the specific RfD. Each study is 
evaluated to determine the no-observed-adverseeffect level (NOAEL) or, if data are inadequate for 
such a determination. the lowest-observed-adverse-effect level (LOAEL). The NOAEL corresponds to 

the dose, in mg/kg-d that can be administered over a lifetime without inducing observable adverse 
effects. The LOAEL corresponds to the lowest daily dose, in mgkgd, that can be administered over 
a lifetime that induces an observable adverse effect. The toxic effect characterized by the LOAEL is 
referred to as the "critical effect". To derive an FUD, the NOAEL (or LOAEL) is divided by 
uncertainty factors to ensure that the IUD will be protective of human health. Uncertainty factors are 
applied to account for (1) extrapolation of data from laboratory animals to humans (interspecies 
extrapolation), (2) variation in human sensitivity to the toxic effects of a compound (intraspecies 
differences), (3) derivation of a c h n i c  RfD based on a subchronic rather than a chronic study, and/or 
(4) derivation of an FUD from the LOAEL rather than the NOAEL. In addition to these uncertainty 
factors, modifying factors betwe& 0 and 10 may be applied to reflect additional qualitative 
considerations in evaluating the data. For most compounds, the modifying factor is 1. 
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Reference doses for noncarcinogenic CPCs are presented in Table E.4-2. The primary source of 
values for reference doses is IRIS, an on-line database that contains current health risk ami regulatory 
information for many chemicals (EPA, 1993a). The RfDs and RfCs are also tabulated in HEAST 
@PA, 1992b). Other EPA sources of provisional RfD values were also consulted when available. 
Sumgate chemicals were m t  used for derivation of an RID unless the chemical similarity was very 
close and the derivation was highly defensible. 

B 

E.4.1.4 Dermal Reference Doses and Cancer Slam Factors 
Dermal RfD values and cancer slope factors are derived from the corresponding oral values. In the 
derivation of a dermal RfD, the oral RfD is multiplied by the gastrointestinal (GI) absorption factor, 
expressed as a fraction. The resulting dermal RfD is an RfD based on absorbed dose, which is the 
appropriate value with which to compare a dermal dose, because dermal doses are expressed as 
absorbed rather than exposure doses. In a similar manner, and for the same reasons, a dermal cancer 
slope factor is derived by dividing the oral cancer slope factor by the GI absorption efficiency. The 
oral slope factor is divided, rather than multiplied, by the GI absorption efficiency because cancer 
slope factors are expressed as reciprocal dose. Dermal RfD values and cancer slope factors for the 
chemicals of concern in Operable Unit 1 are presented in Table E.4-5. 

The most important consideration regarding the uncertainty associated with a dermal RfD or cancer 
slope factor is the accuracy of the GI absorption efficiency factor. For this reason, the toxicity profiles 
presented in Section E.4.3 contain pharmacokinetics sections in which the oral absorption data are 
evaluated. Where appropriate, the low (most conservative) end of the range of available GI absorption 
data for humans is used in the derivation of the dermal IUD or cancer slope factor. When the human 
data are insufficient, animal data are used. Data from highdose experiments are not used if more 
suitable data are available and it appears that saturation of the GI absorption process could have 
occurred. 

When sufficient quantitative data were not located, a default GI absorption factor was used. As noted 
by EPA (1989a). the GI absorption of many metals from the GI tract is limited, and 0.05 is a 
reasonable default for metals and inorganic substances. 

EPA (1989a) did not recommend a separate default value for organic chemicals. A compilation of 
data for 19 organic chemicals presented GI absorption efficiencies ranging from 0.5 to 1.0. AU but 
3 of the 19 chemicals had GI absorption efficiencies of at least 0.9, indicating that organic chemicals 
are generally readily absorbed. The arithmetic average of the GI efficiencies for the 19 organic 
chemicals, 0.91368, equivalent to 0.9 when rounded to one significant figure, appears to be a 
reasonable default GI absorption efficiency factor for organic chemicals. The default of 0.9 for GI 
absorption is used for organic chemicals for which quantitative data were not sufficient. The GI 
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efficiency factors used to derive the dermal IUD values and cancer slope factors are presented in 
Table E.4-5. 

Table E.4-6 Contains information on several chemical properties used in the estimation of dermal 
intakes. These parameters serve as input to dermal exposure equations presented in Section E.3. 

E.4.2 UNCERTAINTY ANALYSIS FOR TOXICITY ASSESSMENT 
Considerable uncertainty is associated with the qualitative m d  assessment) and quantitative (dose- 
response) evaluations of a Superfund-type risk assessment The hazard assessment deals with 
characterizing the nature and strength of the evidence of causation. or the likelihood that a chemical 
that induces adverse effects in animals will induce adverse effects in humans. 

Uncertainty in hazard assessment arises from the nature and quality (sensitivity and selectivity) of the 
animal and human data Uncertainty is decreased when similar effects are observed across species, 
Strain, sex, and exposure route; when the magnitude of the response is clearly dose-related; when 
pharmacokinetic data indicate a similar fate of the chemical in animals and humans; when postulated 
mechanisms of toxicity are similar for humans and animals; and when the CPC is smcturally similar 
to other chemicals for which the toxicity is more completely characterized. 

Hazard assessment of carcinogenicity is evaluated as a weight-of-evidence determination, using either 
the IARC (1987) or EPA (1986b) schemes. The Operable Unit 1 Assessment uses the EPA scheme. 
Positive animal cancer test data suggest that humans contain tissue(s) that may also manifest a 
carcinogenic response; however, the animal data cannot necessarily be used to predict the target tissue 
in humans. Animal data, however, are usually obtained from studies performed with high doses that 
exceed expected human environmental doses by several orders of magnitude. Recent evaluations. 
indicate that physiologic phenomena that result in cancer in animals exposed to high doses probably 
do not operate in humans exposed to environmental doses (Gold et al., 1992). A prime example is the 
occurrence of liver tumors in mice exposed to high levels of chlorinated organic compounds (e.g.. 
chlordane, carbon tetrachloride and DDT, which are CPCs for Operable Unit 1) (Gold et al., 1992; 
Scala, 1991). This introduces serious doubt regarding the potential carcinogenicity to humans of many 
of the chemicals currently classified in weight-of-evidence Group B2 or C. Therefore, the 
consideration of Group B2 and C chemicals as potential human carcinogens is an extremely biased and 
conservative approach that introduces a great deal of uncertainty into the carcinogenicity assessment. 

In the hazard assessment of noncancer effects, however, positive animal data suggest the nature of the 
effects (i.e., the target tissues and type of effects) anticipated in humans (EPA 1989i). Therefore, less 
uncertainty is associated with the noncarcinogenic effects than is associated with the carcinogenicity of 
chemicals. This is intuitively reasonable, because it is well established that extremely high doses of 
virtually any chemical will eventually induce some kind of adverse effect. For nonwcinogens, 
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therefore, the greater uncertainty is associated with the quantitative, rather than with the qualitative 1 B assessment. 2 

There are many sources of uncertainty in the dose-response evaluation for cancer (Le.. computation of 
a slope factor or unit risk) and noncancer effects (i.e., computation of an RfD or RfC). One type of 
uncertainty is related to interspecies (animal-to-human) exuapolation, which, in the absence of 
quantitative pharmacokinetic, dosimetric, or mechanistic data, is usually based on consideration of 
interspecies differences in basal metabolic rate. Another s o w  of uncertainty is intraspecies, or 
individual, variation Most toxicity experiments are performed with animals that are very similar in 
age and genotype, so that intmgroup biological variation is minimal, but the human population of 
concern may reflect a great deal of heterogeneity, including a small number of persons with unusual 
sensitivity to the CPC. Even toxicity data from human occupational exposure reflect a bias because 
only those individuals sufficiently healthy to attend work regularly and those not unusually sensitive to 
the Bc are likely to be occupationally exposed. Uncertainty also arises from the quality of the key 
study (from which the quantitative estimate is derived) and the database. For cancer effects, the 
uncertainty associated with some quality factors (e.g., group size) is expressed within the 95 percent 
upper bound of the slope factor. For noncancer effects. additional uncertainty factors may be applied 
in the derivation of the RfD or F2fC to reflect poor quality of the key study or gaps in the database. 
This technique tends to greatly overestimate the toxicity of a chemical. 

Another source of uncertainty regarding quantitative risk estimation for carcinogenicity is the method 
by which data from high doses in animal studies are exmpolated to the dose range expected for 
environmentally exposed humans. The linearized multistage model, which is used in nearly all 
quantitative estimations of human risk from animal data, is based on a nonthreshold assumption of 
carcinogenesis. An impressive body of evidence, however, suggests that epigenetic carcinogens, as 
well as many genotoxic carcinogens, have a threshold below which they are noncarcinogenic (Gold et 
al., 1992; Williams and Weisburger 1991); therefore, the use of the linearized multistage model is 
extremely conservative for chemicals that exhibit a threshold for carcinogenicity. 

A further source of uncertainty for noncancer effects arises from use of an effect level in the 
estimation of an RfD or RfC. because this estimation is predicated on the assumption of a threshold 
below which adverse effects are not expected. Therefore, an additional uncertainty factor is usually 
applied to estimate a noeffect level. Additional uncertainty arises from estimation of an FUD or RfC 
for c h N c  exposure from less than chronic data. Unless empirical data indicate that effects do not 
worsen with increasing duration of exposure, an additional uncertainty factor is applied to the noeffect 
level in the less than chronic study. The overall effect of all the uncertainty factors (for inter- and 
intraspecies variation, duration of study, estimation of madverseeffect level, deficiencies of the 
overall toxicologic data base) is to produce a quantitative estimate (RfD) that is extremely 
conservative. 1 ~ 
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As an example of these types of uncertainty, we consider the toxicity information for uranium. 
Uranium as an alpha particie emitter is considered a carcinogen; however, epidemiologierri evidene of 
uranium-induced excess cancer risks are very difficult to obtain. This is largely because the human 
data available for radiocarcinogenic effects of uranium exposure are for underground miners, who are 
also simultaneously exposed to radon and radon progeny as a confounding factor. The studies of 
humans usually lack quantitative information concerning uranium exposure, potential uranium exposure 
through previous employment, concurrent smoking pattern, or concurrent radon exposure levels that 
are needed to more definitively determine the risk attributable solely to uranium exposure. The human 
studies of cancer from exposure to uranium frequently reveal a slight excess risk (if any) above the 
natural risk. These confounding factors weaken the power of the human studies to detect any excess 
risk. These uncertainties are not well known or easily quantified. 

The toxicity information used in the Operable Unit 1 assessment also introduces some uncertainty 
relative to the following: 

The carcinogenicity of a l l  PCB mixtures are assumed to be equal to the carcinogenicity of 
Aroclor-1260, because dose-response data for other mixtures are inconclusive or negative. 
The only PCB mixture with positive carcinogenicity results is Aroclor-1260. Statistically 
signifcant cancer results were not seen for amclors with lower percentages of chlorination. 

AU chromium is assumed to be in the form of hexavalent chromium. which is the more 
toxic/carcinogenic form of this metal. 

The Carcinogenicity of dioxins and furans are determined using EPA's revised 1989 Toxicity 
Equivalency Factors (TEFs) (EPA 199od); These TEFs were determined with the basic 
assumption that all  dioxins and furans are carcinogenic. Conservatism is built into the 
evaluation of risks from dioxins/furans. 

.The assumption that arsenic is carcinogenic via ingestion is a conservative approach. No 
ingestion slope factor has been approved by the EPA. 

A significant source of uncertainty for calculating risks from radionuclides in surface soil is the use of 
EPA slope factors for external radiation exposure. In deriving these slope factors, EPA has assumed 
that an individual continuously stands on an infinitely thick slab of soil with a uniform radionuclide 
concentration. To manage complicated calculations for photon attenuation and scattering in soil. EPA 
has assumed that the activity in the slab source is present on an infinite plane with uniform surface 

concentration. The slope factors for external radiation exposure are, therefore, based on calculated 
exposures (and associated risks of cancer incidence) from the hypothetical plane source. 

In addition, EPA calculates slope factors for ingestion of many radionuclides using the maximum 
value for the GI absorption factor. The actual chemical fonn(s) that influence the magnitude of the GI 
absorption factor have not been considered. 
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In summary, the major sources of uncertainty associated with the toxicity assessment, including their 
relative magnitude and direction of bias, are as follows: 

Hazard assessment of carcinogens-very large, extremely positive bias for Group B and Gmup 
C chemicals 

Hazard assessment of noncarcinogenic effects--not large; virtually any chemical will 
eventually induce some kind of advene effect at high doses for a long duration of exposure 

Quantitative assessment of carcinogens--very large, extremely positive bias for direct exposure 
and ingestion of radionuclides, and particularly for chemicals whose primary mechanism of 
action is epigenetic 

Quantitative assessment of noncarcinogenic effects--large, positive bias, particularly for 
chemicals for which the RfD derivation required a large uncertainty factor 

E.4.3 TOXICITY PROFILES 
This subsection presents more detailed toxicity infomation for individual CPCs as well as for the 
other compounds identified at OU1. This information includes summary descriptions of toxicity, 
based on critical studies used as a basis for the toxicity value; toxic effects resulting from chronic 
exposure; and the critical toxic effect observed or target organ affected. Profiles of chemicals are 
arranged in alphabetical order. 

E.4.3.1 Acenaohthvlene 

E.4.3.1.1 Noncancer Toxicity 
Noncancer toxicity data were not located for acenaphthylene, but the chemical is structurally very 
similar to acenaphthene. Acenaphthene appears to be a mild hepatotoxicant, and possibly a 

nephrotoxicant, in rodents (EPA 1993a). It is reasonable to suspect that acenaphthylene may induce 
similar effects. 

E.4.3.1.2 Carcinoeenicity 
The EPA (1993a) classifies acenaphthylene as a cancer weight-of-evidence Group D compound (not 
classifiable as to carcinogenicity to humans), based on no human cancer data and inadequate cancer 
data in animals. 'Ihe animal data consist of an inadequately reported lifetime skin painting study in 
which skin tumors were not observed in mice treated with acenaphthylene (Cook 1932). Tumors were 
observed in mice mated with other PAHs. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

. .. 

18 

19 

m 
21 

22 

23 

24 

25 

26 

n 
23 

29 

FwroUlRUIK 1229AE4AR-P-9318:17pn E 4 1  1 . .  



FEMP-01RI4 D W  
October 12.1993 

E.4.3.2 Acetone 

E.4.3.2.1 Noncancer Toxicitv 
Studies of workers exposed to a t o n e  revealed irritation of the ocular and respiratory tract mucosa, 
and, at high concentrations, central nervous system.(CNS) effects (American Conference of 
Governmental Industrial Hygienists [ACGIH] 1991). Rats exposed by inhalation to high 
concentrations exhibited narcosis and slight decreases in organ and body weight, compared with 
conuols, but no clinical pathological or histopathological evidence of organ damage. Inhalation 
reference concentration (RK) values were rot located for acetone. Oral toxicity data are limited to a 
comprehensive 9o.day gavage study in rats, in which 100 mg/kg/day was a no observed effect level 
(NOEL) and 500 mglkglday was the lowest observed adverse effect level (LOAEL) associated with 
increased liver and kidney weight and tubular nephropathy (EPA 1993a). A verified IUD for chronic 
oral exposure of 0.1 mg/k@day was derived by applying an uncertainty factor of loo0 to the NOEL of 
100 mg/kg/day. The EPA (1992b) presented a provisional subchronic oral IUD of 1 mg/k@day, based 
on the same NOEL and an uncertainty factor of 100. The target organs for inhalation exposure to 
acetone are the CNS and the respiratory and ocular mucosa. Target organs for oral exposure are the 
liver and kidney. 

E.4.3.2.2 Carcinopenicity 
Acetone is classified as a cancer weight-of-evidence Group D compound (not classifiable as to 
carcinogenicity to humans) based on a lack of human or animal carcinogenicity data (EPA 1993a). 

E.4.3.3 Ammonia 

E.4.3.3.1 Noncancer Toxicity 
Ammonia is produced naturally as an end product of protein metabolism (Sax and Lewis 1987). 
Ammonia excreted in e x p i d  air may arise from the bacterial action in the mouth (EPA 1993a). 
Nasal and throat irritation are consistent findings in humans exposed to 250 parts per million @pm) in 
the air (Ferguson et al. 1977). No significant increase in ocular, dermal, or respiratory irritation was 
reported by workers, and no decrement in lung function was m e a s u d  in workers exposed to a time 
weighted average ('WA) concentration of 9.2 ppm (Holness et al. 1989). Lung function tests, 
however, may not be the most sensitive indicators of ammonia toxicity, as explained below. 

In animals exposed to 5500 ppm. lesions including irritation and hyperplasia were restricted to the 
upper respiratory tract (Gamble and Clough 1976; Flury et al. 1983; EPA 1993a). At these 
concentrations, virtually the entire inhaled dose was taken up by the upper respiratory mucosa because 
of the high solubility and reactivity of ammonia. At higher concentrations, ammonia penetrated to the 
lungs and induced congestion, edema, and hemorhage (Anderson et al. 1964). Congestion of the 
spleen and liver may arise from ammonia-induced impairment of pulmonary circulation. 
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The EPA (1993a) derived an RfC of 0.1 milligram per cubic meter (mg/m3) for c h n i c  inhalation 
exposure to ammonia, based on the no observed adverse effect level (NOAEL) of 9.2 ppm (6.4 
m-3 in the occupational study previously described. An uncertainty factor of 30 was applied, 10 to 
provide protection for sensitive individuals and 3 to account for deficiencies in the database, including 
lack of chronic data. proximity of the human NOAEL to an animal LOAEL, and lack of reproductive 
and developmental data. Confidence in the RfC was medium. 

D 

E.4.3.3.2 Carcinoeenicitv 
The EPA (1993a) has not evaluated the carcinogenicity of ammonia. 

E.4.3.4 Antimony 

E.4.3.4.1 Phmacokinetics 
Ingested antimony is absorbed slowly and incompletely from the gastrointestinal (GI) tract (Iffland 
1988). Within a few days of acute exposure, highest tissue concentrations are found in the liver, 
kidney, and thyroid. Organs of storage include skin, bone, and teeth. Highest concentrations in 
deceased smelter workers (inhalation exposure) occurred in the lungs and skeleton. Excretion is 
largely via the urine or feces, although some is incorporated into the hair. 

1 E.4.3.4.2 Noncancer Toxicitv 
Acute intoxication from ingestion of large doses of antimony induces GI disturbances. dehydration, 
and cardiac effects in humans (Iffland 1988). chronic effects from occupational exposure include 
irritation of the respiratory tract, pneumoconiosis, pustular eruptions of the skin called "antimony 
spots," allergic contact dermatitis, and cardiac effects, including abnormalities of the electrocardiograph 
(Ea) and myowdial changes. Cardiac effects were also observed in rats and rabbits exposed by 
inhalation for six weeks and in animals (dogs, and possibly other species) treated by intravenous 
injection (Elinder and Friberg 1986a). 
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chronic oral exposure studies in laboratory animals include two briefly reported lifetime drinking 
water studies in rats and mice (Kanisawa and Schroeder 1969; Schroeder et al. 1970). The only dose 
tested, 5 ppm potassium antimony tamate, multed in reduced longevity in both species and in reduced 
mean heart weight in the rats. The EPA (1993a) verified an RfD of O.OOO4 mg/kg/day for chronic oral 

exposure to antimony from the LOAEL of 5 ppm potassium antimony tartrate (0.35 mg antimonykg 
body weightday) in the lifetime study in rats (Schroeder et al. 1970). An uncenainty factor of lo00 
was applied; factors of 10 each for inter- and intraspecies variation and to estimate an NOAEL from 
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an LO=. The heart is considered a likely target organ for chronic oral exposure of humans. 31 
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; E.4.3.4.3 CarcinOnenicity 
Data were not located regding the carcinogenicity of antimony io hmm. h b o n y  feci m r i  did 
not produce an excess of tumors (Goyer 1991). but a high frequency of lung tumors was observed in 
rats exposed by inhalation to antimony trioxide for one year (Elinder and Friberg 1986). Antimony is 
classified in EPA cancer weight-of-evidence Group D (not classifiable as to carcinogenicity to humans) 
(EPA 1987a). 

E.4.35 Arsenic 

E.4.3.5.1 Pharmacokinetics 
Several studies wfim that soluble inorganic arsenic compounds and organic arsenic compounds are 
almost completely ( S O  percent) absorbed from the GI tract in both animals and humans (Ishinishi et 
al. 1986). The absorption efficiency of insoluble inorganic arsenic compounds depends on particle 
size and stomach pH. Initial distribution of absorbed arsenic is to the liver, kidneys, and lungs, 
followed by redistribution to hair, nails, teeth, bone, and skin, which are considered tissues of 
accumulation Arsenic has a longer half-life in the blood of rats, compared with other animals and 
humans, because of fhm binding to the hemoglobin in erythrocytes. 

Metabolism of inorganic arsenic includes reversible oxidation-reduction so that both arsenite (valence 
of 3) and arsenate (valence of 5) are present in the urine of animals treated with arsenic of either 
valence (Ishinishi et al. 1986). Arsenite is subsequently oxidized and methylated by a saturable 
mechanism to form mono- or dimethylarsenate; the latter is the predominant metabolite in the urine of 
animals or humans. Organic arsenic compounds (arsenilic acid, cacodylic acid) are not readily 
converted to inorganic arsenic. Excretion of organic or inorganic arsenic is largely via the urine, but 
considerable species variation exists. Continuously exposed humans appear to excrete 60 to 70 percent 
of their daily intake of arsenate or arsenite via the Urine. 

E.4.3.5.2 Noncancer Toxicitv 
A lethal dose of arsenic trioxide in humans is 70 to 180 mg (approximately 50 to 140 mg arsenic; 
Ishinishi et al. 1986). Acute oral exposure of humans to high doses of arsenic produce liver swelling, 
skin lesions, disturbed heart function. and neurological effects. The only noncancer effects in humans 
clearly attributable to chronic oral exposure to arsenic are dermal hyperpigmentation and keratosis, as 
revealed by studies of several hundred Chinese exposed to naturally occurring arsenic in well water 
(Tseng 1977; Tseng et al. 1968; EPA 1993a). Similar effects were observed in persons exposed to 
high levels of arsenic in water in Utah and the northern part of Mexico (Cebrian et al. 1983; 
Southwick et al. 1983). Occupational (predominantly inhalation) exposure is also associated with 
neurological deficits, anemia, and cardiovascular effects (Ishinishi et al. 1986). but concomitant 
exposure to other chemicals cannot be ruled out. The EPA (1993a) derived an IUD of 0.3 pg/lcg/day 
for chronic oral exposure, based on an NOAEL of 0.8 pg/lcg/day for skin lesions from the Chinese 
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data. The principal target organ for arsenic appears to be the skin. The nervous system and 
cardiovascular systems apgear to be less significant target organs. Inorganic axsenic may be an 
essential nutrient, exerting beneficial effects on growth, health, and feed conversion efficiency 
(underwood 1977). 

E.4.3.5.3 CarcinOPenicitv 
Inorganic arsenic is clearly a carcinogen in humans. W a t i o n  exposure is associated with increased 
risk of lung cancer in persons employed as smelter workers, in arsenical pesticide applicators, and in a 
population residing near a pesticide manufacturing plant W A  1993a). Oral exposure to high levels in 
well water is associated with increased risk of skin cancer (Tseng 1977; EPA 1993a). Extensive 
animal testing with various forms of arsenic given by many mutes of exposure to several species, 
however, has not demonstrated the carcinogenicity of arsenic (International Agency for Research on 
Cancer [IARC] 1980). The EPA (1993a) classifies inorganic arsenic in cancer weight-of-evidence 
Group A (human carcinogen), and recommends an oral unit risk of O.oooO5 c~g/L in drinking water, 
based on the incidence of skin cancer in the Tseng (1977) study. The EPA (1993a) notes that the 
uncertainties associated with the oral unit risk are considerably less than those for most carcinogens. so 
that the unit risk might be reduced an order of magnitude. An inhalation unit risk of 0.0043 per 
Crgim3 was derived for inorganic arsenic from the incidence of lung cancer in occupationally exposed 
men (EPA 1993a). 

E.4.3.6 Barium 

E.4.3.6.1 Noncancer Toxicity 
Barium is a naturally occurring alkaline earth metal that comprises approximately 0.04 percent of the 
earth's crust (Reeves 1986a). Acute oral toxicity was manifested by GI upset, altered cardiac 
performance, and transient hypertension, convulsions, and muscular paralysis. Repeated oral exposures 
were associated with hypertension. Occupational exposure to insoluble barium sulfate induced benign 
pneumoconiosis (ACGIH 1991). The EPA (1993a) presented a verified chronic oral RfD of 0.07 
mg/kg/day, based on an NOAEL of 0.21 mg/kg/day in a ten-week study in humans exposed to barium 
in drinking water and an uncertainty factor of 3. The EPA (1992b) presented the same value as a 
pmvisional IUD for subchronic oral exposure. A provisional chronic inhalation RfC of 0.0005 mg/m3 
and a provisional subchnic inhalation RfC of 0.005 were based on an NOEL for fetotoxicity in a 
four-month intennittentexposure inhalation study in rats (EPA 1992b). Uncertainty factors of lo00 
and 100 were used for the chronic and subchronic RfC values, respectively. The chronic and 
subchronic inhalation Rfc values are equivalent to O.ooO1 and 0.001 m@g/day, assuming a human 
inhalation rate of 20 m3/day and body weight of 70 kg. Barium is principally a muscle toxin. Its 
targets are the GI system, skeletal muscle, the cardiovascular system, and the fetus. 
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' (  E.4.3.6.2 Carcinorrenicitv 
Tine €PA (lW2f) ch~sifia M u m  as a cancer wetghbofeidence Gmiip D si'ostimce (rat chdfiabie 
as to Carcinogenicity in humans). Cancer risk is not estimated for Group D substances. 

2 

3 

E.4.3.7 Benzene 4 

E.4.3.7.1 Noncancer Toxicity 5 

dizziness, and headaches; long-term exposure induced anemia (ACGIH 1991). Oral dosing in animals 
In humans, short-tern inhalation exposure to benzene induced C N S  effects such as drowsiness, 6 

7 

induced hematopoietic effects (Agency for Toxic Substances and Disease Registry [ATSDR] 1989a). 
Neither oral nor inhalation RfD or RfC values were located for benzene. The CNS and the 

a 

9 

10 hematopoietic system are the target organs of benzene. 

E.4.3.7.2 Carcinoeenicitv 
The EPA (1993a) classifies benzene in cancer weight-ofevidence Group A (human carcinogen) based 
on several studies of increased risk of nonlymphocytic leukemia associated with occupational 
exposure, supported by an increased incidence of neoplasia in rats and mice exposed by inhalation and 
gavage. A verified oral slope factor of 0.029 per m a g d a y  and inhalation unit risk of 8.3E-06 pg/m3 
is based on the increased incidence of leukemia in several occupational (inhalation exposure) studies. 
The inhalation unit risk is equivalent to 0.029 per mg/kg/day, assuming an inhalation rate of 20 
m3/day and a body weight of 70 kg for humans. 

I 1  
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E.4.3.8 Benzoic Acid 19 

E.4.3.8.1 Noncancer Toxicitv m 
There are no reports of toxicity in humans associated with ingestion of 0.9 to 34 mg benzoic acid/day, 21 

and the compound is classified as Genexally Regarded as Safe (GRAS) by the U.S. Food and Drug 
Administration (FDA) (EPA 1993a). Effects observed in oral studies in rats and mice were limited to 
decreased resistance to svess and reduced food and water intake accompanied by decreased growth 
rate. The EPA (1993a) presented a verified chronic oral RfD of 4 mg/kg/day, based on the upper 
range of daily intake estimated by the FDA and an uncertainty factor of 1. The EPA (1992b) 
presented the same value as a provisional subchronic oral IUD. Data are inadequate to identify a 
target organ for the toxicity of benzoic acid. 

E.4.3.8.2 Carcinoeenicitv 
Cancer data consist of a lifetime drinking water study and a five-generation reproduction study in mice 
that showed m evidence of a carcinogenic effect. The EPA (1993a) classifies benzoic acid as a cancer 
weight-of-evidence Group D compound (not classifiable as to carcinogenicity to humans). 
Quantitative risk estimates are not derived for Group D compounds. 
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E.4.3.9 Bervllium B 
E.4.3.9.1 Noncancer Toxicitv 
Beryllium has a low order of toxicity when ingested because it is poorly absorbed from the GI tract 
(Reeves 1986b). Occupational exposure was associated with dermatitis, acute pneumonitis, and 
chronic pulmonary granulomatosis (berylliosis). Berylliosis was also obsewed in humans living in the 
vicinity of a beryllium plant Similar pulmonary effects were observed in laboratory animals subjected 
to inhalation exposure. A verified chronic oral RfD value of 0.005 mg/kg/day was based on an 
NOAEL in a lifetime drinking water study in rats and an uncertainty factor of 100 (EPA 1993a). The 
EPA (1992b) presented the same value as a provisional subchronic oral RfD. The target organ for 
inhalation exposure appears to be the lung; a target organ is not identified for oral exposure. 

E.4.3.9.2 Carcinos'enicitv 
The EPA (1993a) classifies beryllium in cancer weight-of-evidence Group B2 (probable human 
carcinogen) based on madequate human (occupational) cancer data and sufficient animal data. A 
significant inmase in lung tumors occurred in rats and in hesus monkeys subjected to inhalation 
exposure or intratracheal instillation of a variety of beryllium compounds. Osteogenic sarcomas were 
induced in rabbits and mice, but not in rats or guinea pigs, injected intravenously with various 
beryllium compounds. Oral studies in animals yielded inconclusive results. The EPA (1993a) derived 
an o d  dope factor of 4.3 per mg/kg/day from a statistically nonsignificant increase in total tumors in 
a lifetime drinking water study in rats. An inhalation unit risk of 0.0024 per pg/m3, equivalent to 8.4 
per m@g/day (assuming an inhalation rate of 20 m3/day and body weight of 70 kg for humans), was 
derived from an occupational study. 

B 

E.4.3.10 Bis(2ethvlhexvl)~hthalate (dil2ethvlhexvll~hthalate) 

E.4.3.10.1 Noncancer Toxicity 
The acute oral toxicity of bis(2ethylhexyl)phthalate is very low; oral LDson0 (lethal dose to 50 
percent of population within 30 days without medical treatment) values in rats and mice were 33,800 
and 26,300 m@g, respectively (ACGIH 1991). Repeated high-dose o d  exposures were associated 
with decreased growth, altered organ weights, testicular degeneration, and developmental effects. The 
EPA (1993a) presented a verified chronic oral FUD of 0.02 mg/kg/day based on an LOAEL for 
increased relative liver weight in guinea pigs and an uncertainty factor of 1OOO. The EPA (1992b) 
adopted the chronic oral RfD as the provisional subchronic oral RfD. The principal target organs for 
the toxicity of bis(2ethylhexyl)phthalate are the liver and testis. 
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The EPA (1993a) classifies bis(2-ethylhexy1)phthalate in cancer weight-of-evidence Group B2 
(probable human carcinogen), based on inadequate human cancer data (one limited occupational study) D 
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41 
and sufficient cancer data in laboratory animals. An oral slope factor of 0.014 per mglkglday was 
based on the inaeased incidence of Ever tumors in a dietary study in male mice. 2 

E.4.3.11 Boron 3 

E.4.3.11.1 Noncancer Toxicity 
Acute exposure to boron compounds was associated with GI irritation and C N S  depression (ACGIH 
1991). Occupational e x p o w  induced respiratory tract irritation. Several dietary and drinking water 
studies with boron (chemical form not specified) in dogs, rats, and mice identified testicular atrophy 
and impaired spermatogenesis as the critical effect of oral exposure (EPA 1993a). Other effects 
included reduced body and organ weights, reduced ovulation in female rats. and possibly increased 
extramedullary hematopoiesis in the spleen. The EPA (1993a) presented a verified IUD of 0.09 
mg/kg/day for chronic oral exposure to boron, based on an NOAEL in a two-year dietary study in 
dogs (form of boron not specified). An uncertainty factor of 100 was used. The chronic oral IUD was 
adopted as the provisional subchnic oral IUD (EPA 1992b). The principal target organs of boron are 
the testis, respiratory mucosa, and CNS. 

E.4.3.11.2 Carcinogenicitv 
Data were not located regardii the carcinogenicity of boron. 

E.4.3.12 Bromodichloromethane 

E.4.3.12.1 Noncancer Toxicitv 
Chronic gavage treatment with bromodichloromethane induced histopathologic evidence of 
degeneration of the liver and kidney in rats and mice. and hypeplastic lesions of the thyroid in the 
mice (EPA 1993a). The EPA (1993a) presented a verified chronic oral RfD of 0.02 m@kgjday based 
on an NOAEL for kidney effects in mice and an uncertainty factor of 1ooO. The EPA (1992b) 
presented the Same value as a provisional subchronic oral IUD. The principal target organs of 
bromodichloromethane are the liver and kidney; the thyroid may be a target in mice. 

E.4,3.12.2 Carcinogenicity 
The EPA (1993a) classifies bromodichloromethane in cancer weight-of-evidence Group B2 (probable 
human carcinogen), based on inadequate human data and sufficient animal data. The human data 
consist of epidemiologic studies that associate chlorination of drinking water with increased risk of 
several different types of cancer. Bromodichloromethane is one of several hihalogenated methanes 
formed from the interaction of chlorine with organic matter in water. Animal studies associated 
treatment with several different tumor types in rats and mice. The EPA (1993a) presented a verified 
oral slope factor of 0.13 per m@kg/day, based on the increased incidence of liver tumors in mice 
treated by gavage. An inhalation risk estimate was not derived. 
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E.4.3.13 2-Butanone Wethvl Ethvl Ketone) 

E.4.3.13.1 Noncancer Toxicity 
Toxicity data for oral exposure to 2-butanone were not located. The EPA (1993a) presented a verified 
RfD for chronic oral exposure of 0.05 mg/kg/day, based on an NOAEL in a 12-week inhalation 
exposure study h rats and an 
mg/kg/day, based on the same study and an uncertainty factor of 100 (EPA 1992b). 

factor of 1000. The provisional subchronic oral RfD is 0.5 

Humans exposed to 2-butanom vapor reported slight nose and throat irritation @PA 1993a). The 
critical effect of inhalation exposure of animals to 2-butanone appeam to be developmental toxicity. 
The EPA (1993a) presented a verified chronic inhalation RfC of 1 mg/m3, equivalent to 0.3 m@kg/day 
for a 70-kg human inhaling 20 m3 of air/day, based on an NOAEL for developmental effects in mice 
and an uncertainty factor of 3000. The EPA (1992b) presented a provisional subchronic inhalation 
RfC of 3 mg/m3, based on the 12-week study described in the previous pmgraph, but mathematically 
derived by an obsolete methodology. A more defensible approach would be to adopt the chronic 
inhalation IUC of 1 mg/m3 as being protective for s u b ~ h n i c  exposure as well. The subchronic RK 
of 1 m a 3  is equivalent to 0.3 mg/kg/day, as previously described. 

Target organs for 2-butanone are the fetus, respiratory tract, and the CNS. 

E.4.3.13.2 Carcinoeenicitv D 
EPA (1993a) classifies 2-butanone as a cancer weight-of-evidence Group D compound (not classifiable 
as to carcinogenicity to humans). Quantitative risk estimates are not derived for Group D compounds. 

E.4.3.14 Cadmium 

E.4.3.14.1 Pharmacokinetics 
Estimates of cadmium uptake by the respiratory tract range from 10 to 50 percent; uptake is greatest 
for fumes and mall particles and least for large dust particles (Friberg et al. 1986; Goyer 1991). GI 
absorption of ingested cadmium is ordinarily 5 to 8 percent, but may reach 20 percent in cases of 
serious dietary iron deficiency. Highest tissue levels are normally found in the kidneys followed by 
the liver, although levels in the liver may exceed those in the kidneys of persons suffering from 
cadmium-induced renal dysfunction. The half-life of cadmium in the kidneys and liver may be as long 
as 10-30 years. Fecal and urinary excretion of cadmium are approximately equivalent in normal 
humans exposed to small amounts. Urinary excretion increases markedly in humans with cadmium- 
induced renal disease. 
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E.4.3.14.2 Noncancer Toxicity 

weakness, and, in severe cases, respiratory insufficiency, shock, and death (Friberg et al. 1986). Acute 
oral exposure induces GI disturbances. chronic inhalation exposure induces pulmonary emphysema, 
and chronic exposure by either route consistently produces renal tubular disease in humans and 
laboratory animals. Proteinuria is a reliable early indicator of cadmium-induced kidney disease. The 
combination of pulmonary emphysema and renal tubular disease, if severe, may result in early 
mortality. Painful osteomalacia and osteoporosis may arise from altered metabolism of bone minerals 
secondary to renal damage. The combination of renal and skeletal damage is called itai-itai disease in 
Japan. Cadmium exposure has been associated with liver damage, but the liver appears to be less 
sensitive than the kidney. The kidney is the primary target organ of cadmium toxicity. The EPA 
(1993a) derived chronic oral IUD values of 0.5 pg/kg/day for cadmium ingested in water and 1 
p@g/day for cadmium ingested in food, based on a toxicokinetic model that predicted NOAELs from 
renal cortical concentrations of cadmium. The different IUD values reflect assumed differences in GI 
absorption of cadmium from water (5 percent) and food (2.5 percent). 

acute malation expsufe 00 mes or particles of cadmi-mi induces ire.piir*.rory sympmm, geiierd 

E.4.3.14.3 Carcinogenicitv 
Carcinogenicity data in humans consist of several occupational studies that associate cadmium 
exposure with lung cancer, but concomitant exposure to other carcinogenic chemicals and smoking 
were not adequately controlled. Other occupational studies reported significantly increased risk of 
prostatic cancer, but this effect was not observed in the largest occupational study of workers exposed 
to high levels mun et al. 1985). The animal data consist of an inhalation study in rats that showed a 
significant increase in lung tumors, and several parenteral injection studies that produced injection site 
tumors. No evidence of carcinogenicity, however, was observed in seven oral studies in rats and mice. 
The EPA (1993a) classifies cadmium a cancer weight-of-evidence Group B1 substance for inhalation 
exposure on the basis of limited evidence of carcinogenicity in humans and sufficient evidence in 
animals. The data were insufficient to classify cadmium as carcinogenic to humans exposed by the 
oral route. The EPA (1993a) derived an inhalation unit risk of 0.0018 pg/m3 from the occupational 
exposure study by Thun et al. (1985). 

E.4.3.15 C a h n  Tetrachloride 

E.4.3.15.1 Noncancer Toxicitv 
Carbon tetrachloride is a classic hepatotoxicant in humans and animals exposed by any route (ATSDR 
1989b). High exposure levels also induced kidney effects in animals. Occupational exposure was 

associated with CNS and liver effects (ACGIH 1991). The EPA (1993a) presented a verified chronic 
oral RfD of O.OOO7 mg/kg/day based on an NOAEL for liver lesions in a 12-week gavage study in rats 
and an uncertainty factor of 1OOO. The EPA (1992b) presented a subchronic oral RfD of 0.007 
mg/kg/day, based on the same NOAEL and an uncertainty factor of 100. The principal target organs 
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for the toxicity of caxbon tetrachloride are the liver and the CNS. The kidney is also a target in 
animals exposed to high levels. 0 
E.4.3.15.2 Carcinoeenicitv 
Carbon tetrachloride is classified in cancer weight-of-evidence Group B2 (probable human carcinogen), 
based on increased incidence of liver tumors in rats, mice, and hamsters tfeated orally or by 
subcutaneous injection (EPA 1993a). A verified oral slope factor of 0.13 per mglkg/day was based on 
liver tumor data from gavage studies in all three species previously mentioned. An inhalation unit 
risk of 1.5E-05 per pg/m3, equivalent to 0.053 per mg/kg/day, was derived from the same data and an 
inhalation abso@on factor of 0.4, assuming an inhalation rate of 20 m3/day and a body weight of 70 
kg for humans. 

E.4.3.16 Chlorobenzene 

E.4.3.16.1 Noncancer Toxicitv 
Oral exposure of animals to chlorobenzene induced liver effects (EPA 1993a). Inhalation exposure of 
animals induced narcosis and other CNS effects as well as lung, liver, and kidney changes (ACGIH 
1991). Minimal occupational exposure data indicated that chlorobenzene induces respiratory tract 
imitation and CNS effects (headache) in workers exposed to high levels. The EPA (1993a) presented a 
verified chronic oral RfD of 0.02 rn@g/day, based on an NOAEL for liver lesions in a 13~week oral 
study in dogs and an uncertainty factor of 1OOO. The EPA (1992b) presented a provisional subchronic 
oral IUD of 0.2 mg/kg/day, based on the same NOAEL and an uncertainty factor of 100. A 
provisional chronic inhalation RfC of 0.02 mg/m3 is based on an LOAEL for liver and kidney effects 
in rats exposed by inhalation for 120 days and an uncertainty factor of 10,OOO (EPA 1992b). The 
provisional subchronic inhalation RfC, based on the same LOAEL and an uncertainty factor of lOOO, 
is 0.2 m a 3 .  The chronic and subchronic inhalation IUC values are equivalent to 0.006 and 0.06 
mg/kg/day, respectively. assuming an inhalation rate of 20 m3/day and a body weight of 70 kg for 
humans. Target organs for the toxicity of chlorobenzene include the liver, CNS,  lung, and kidney. 

E.4.3.16.2 CarcinoPenicitv 
Chlorobenzene is classified as an EPA cancer weight-ofevidence Group D compound (not classifiable 
as to carcinogenicity for humans), based on no available human cancer data and inadequate animal 
data (EPA 1993a). Quantitative risk estimates are not derived for Group D compounds. 

E.4.3.17 Chloroform 

E.4.3.17.1 Noncancer Toxicitv 
Oral or inhalation exposure of animals to chloroform was associated with liver and kidney damage 
(ACGlH 1991; EPA 1993a). In humans, acute inhalation exposure to high levels induced narcosis, 0 
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vebcular  fibrillation, and death (ACGM 1991). Limited occupational data assoCiated chronic 
exposure to chloroform with CNS depression, digestive distutiDances, and enlarged iivers. The P A  
(1W3a) presented a verified chronic oral IUD of 0.01 mg/ltg/day based on an LOAEL for fatty cyst 
formation in the livers of dogs treated orally for 7.5 years and an uncertainty factor of 1ooO. The 
same value was presented as a provisional subchronic oral IUD (EPA 1992b). Target organs for the 
toxicity of chloroform include the liver and kidney for oral and inhalation exposure, and the heart and 
CNS for inhalation exposure. 

E.4.3.17.2 Carcinoeenicity 
Chloroform is classified as a cancer weight-ofevidence Group B2 compound (probable human 
carcinogen), based on increased incidence of several tumor types in rats and liver tumors in mice 
(EPA 1993a). Human Carcinogenicity data an? inadequate. An oral slope factor of 0.0061 per 
mg/kg/day was derived from the incidence of kidney tumors in rats treated with chloroform in 
drinking water for two years. An inhalation unit risk of 2.3E-05 per Clgim3 was based on the 
incidence of hepatodlular carcinomas in mice treated by gavage for 78 weeks. The inhalation unit 
risk is equivalent to 0.081 per mg/ltg/day, assuming an inhalation rate of 20 m3/day and a body weight 
of 70 kg for humans. 

E.4.3.18.1 Noncancer Toxicity 
Toxicologic data for 4chloro-3-methylphenl were very limited. The oral lethal dose to 50 percent of 
the population (LDso& in rats was determined to be 500 mgkg (Sax 1984). 

E.4.3.18.2 Carcinogenicity 
Data were not located regarding the carcinogenicity of 4-chloro-3-methylphenol. 

E.4.3.19 2-Chloro~henol 

E.4.3.19.1 Noncancer Toxicitv 
Little information was located regarding the noncancer toxicity of 2-chlorophenl. Oral LDsom 
values ranged from 440 to 670 mg/kg (Sax 1984). The EPA (1993a) presented a verified chronic oral 
IUD of 0.005 mg/kg/day based on an NOAEL for reproductive effects in a subchronic drinking water 
study in rats and an uncertainty factor of 1ooO. The EPA (1992b) presented a provisional subchronic 
oral FUD of 0.05 m@g/day based on the same NOAEL and an uncertainty factor of 100. The fetus 
appears to be a target organ for the oral toxicity of 2-chlomphenol. 

E.4.3.19.2 Carcinogenicitv 
Data were not located regarding the carcinogenicity of 2-chlorophenol. 

2 ' @  
3 

4 

5 

6 

1 

8 

9 

IO 

11 

12 

13 

14 

- IS 

16 

17 

18 0 
19 

m 

21 

22 

23 

24 

25 

26 

n 
28 

29 

30 



* 78% 
FEMP-OlRI4 DRAFT 

October 12.1993 

E.4.3.20 4-chloro~henvl Phenvl Ether (4-Chlorodi~henvl Ether) 

E.4.3.20.1 Noncancer Toxicitl 
The toxicity of the chlorinated phenyl ethers increases with the extent of chlorhurion (Kirwin and 
Sandmeyer 1981). The mono-, di-, and tri-chlomphenyl ethers do not present a serious hazard in the 
industrial setting. The most noteworthy effect of exposure to the more highly chlorinated phenyl 
ethers is acneform dermatitis, suggestive of the chloracne induced by dibenzo-pdioxins, PCBs, and 
polychlorinated dibenmfurans (PCDFs), all of which are structurally similar to the chlorinated phenyl 
ethers. 

B 

For monochlorophenyl phenyl ether (position of the chlorine not specified), the smallest single oral 
dose that caused mortality in guinea pigs within 30 days of treatment was 600 mg/kg (Kinvin and 
Sandmeyer 1981). In repeated dose gavage studies in rabbits (5 daysheek for 4 weeks), 100 m a g  
was without effect 

E.4.3.20.2 Carcinogenicity 
Data were not located regardii the carcinogenicity of 4chlorophenyl phenyl ether. 4-Bromophenyl 
phenyl ether, which is structurally very similar to 4chlorophenyl phenyl ether, was negative in the 
Strain A mouse pulmonary tumor assay following intraperitoneal treatment (Theiss et al. 1977). 

E.4.3.21 3-chloro~ro~ene (Allvl Chloride) B 
E.4.3.21.1 Noncancer Toxicitv 
The compound 3-chloropropene is more commonly known by its synonym, allyl chloride (EPA 
1993a). The compound was shown to induce peripheral neuropathy, manifested as motor and sensory 

deficits, in occupationally exposed humans (He et al. 1980, 1985). Exposure concentrations were not 
sufficiently quantified to locate thresholds for these effects. An earlier study associated occupational 
exposure with liver damage (Hausler and Lenich 1968). but the study was flawed and could not be 
properly evaluated. It does not appear that neurological endpoints were examined in this study. 

Clinical, electromyographic, and histopathologic evidence of peripheral neuropathy were observed in 
rabbits and a cat intermittently exposed to 3chloropropene in air for 23 months (Boquin et al. 1982). 
Rats, guinea pigs, and rabbits exposed via inhalation also developed degenerative lesions in the 
kidneys (Quast et al. 1982; Torkelson et al. 1959). Rabbits and mice treated by subcutaneous and oral 
dosing, respectively, also showed neurologic and kidney effects. It is unclear whether exposure to 

3chloropropene induces liver effects in animals. 

The EPA (1993a) derived an RfC of 0.001 mg/m3 for chronic inhalation exposure to 3-chloropropene. 
based on an NO= of approximately 5 ppm (1 7 mghn3) for peripheral neuropathy in rabbits (Boquin B 
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et al. 1982). An uncertainly factor of 30oO was applied; factors of 10 each for expansion from 

in the database (including lack of adequate developmental and reproductive toxicity data, and a factor 
of 3 to reflect the uncertainly in the animal-to-human dosimetric extrapolation. 

su-bchmlie to C i m m i C  exgosm, €or pm-zction for srr&itive illlmm mbjmpd&cx, ax! fer deficiexis 

E.4.3.2 1.2 Carcinoeenicitv 
Cancer data include an increased incidence of squamous cell papillomas and Carcinomas in mice in an 
inadequate gavage study in rats and mice (National Cancer Institute rnCI] 1978b). an increase in lung 
tumor multiplicity in strain A/St mice treated by intraperitoneal injection (Theiss et al. 1979). and 
tumor initiation in the two-stage skin-painting test in mice (Van h u m  et al. 1979). On the basis of 
these data EPA (1993a) classifies 3chlompropene as a cancer weight-of-evidence Group C compound 
(possible human carcinogen). The data were inadequate for quantitative estimation of carcinogenic 
potency. 

E.4.3.22 Chromium 

E.4.3.22.1 Noncancer Toxicitv 
In nature. chromium @I) predominates over chromium (VI) (LangM and Norseth 1986). Liale 
chromium (VI) exists in biological materials, except shortly after exposure, because reduction to 
chromium @I) occuls rapidly. Chromium (I) is considered a nutritionally essential trace element and 
is considerably less toxic than chromium 0. No effects were observed in rats consuming 1800 mg 
chromium (III)/lcg/day in the diet for over two years (EPA 1993a). The NOEL of 1800 m@g/day and 
an uncertainty factor of loo0 was the basis for a verified chronic oral RfD of 1 mg/kg/day 
1993a). The same NOEL and an uncertainty factor of 100 was the basis for a provisional subchronic 
oral RfD of 10 mg/kg/day (EPA 1993a). 

Acute oral exposure of humans to high doses of chromium (VI) induced neurological effects, GI 
hemonbge and fluid loss, and kidney and liver effects. Parenteral dosing of animals with chromium 
(VI) is selectively toxic to the kidney tubules. An NOAEL of 2.4 mg chromium (VI)/kg/day in a one- 
year drinking water study in rats and an uncertainty factor of 500 was the basis of a verified IUD of 
0.005 rng/kg/day for chronic oral exposure (EPA 1993a). The same NOAEL and an uncertainty factor 
of 100 was the basis of a provisional subchronic oral RfD of 0.02 mg/kg/day (EPA 1993a). 

Occupational (inhalation and dermal) exposure to chromium (In) compounds induced dermatitis 
(ACGIH 1991). Similar exposure to chromium (VI) induced ulcerative and allergic contact dermatitis, 
irritation of the upper respiratory tract including ulceration of the mucosa and perforation of the nasal 
septum, and possibly kidney effects. Inhalation RfC values were not located. 
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A target organ was not identified for chromium (III). The kidney appears to be the principal target 
organ for repeated oral dosing with chromium (VI). Additional target organs for demal and inhalation 
exposure include the skin and respiratory tract. 

E.4.3.22.2 Carcinoeenicitv 
Data were not located regarding the Wcinogenicity of chromium @I). The EPA (1993a) classifies 
chromium (VI) in cancer weight4fevidence Group A (human carcinogen), based on the consistent 
observation of incxeased risk of lung cancer in occupational studies of workers in chmmate production 
or the chrome pigment industry. Pmnteral dosing of animals with chromium (VI) compounds 
consistently induced injection-site tumors. There is no evidence that oral exposure to chromium (VI) 
induces cancer. An inhalation unit risk of 0.012 per pg/m3, equivalent to 41 per mglkglday, assuming 
humans inhale 20 m3/day and weigh 70 kg, was based on increased risk of lung cancer deaths in 
chromate production workers. 

E.4.3.23 Chlordane 
Technical chlordane is a mixture of at least 50 related compounds (ATSDR 1989~). The principal 
components of the mixture are cis- and trans-chlordane, heptachlor, cis- and trans-nonachlor, and 
alpha-, beta- and gamma-chlordene. Each component has its own environmental fate and transport 
kinetics, so it is unlikely that the chlordane identified at the site would have the same chemical 
composition as technical chlordane. It is unclear which chlordane component(s) were found at the site. 

E.4.3.23.1 Pharmacokinetics 
Kinetic studies in rats, in which the area under the Curve was compared following intravenous and oral 
dosing, indicate that approximately 80 percent of an oral dose of txans-chlordane is absorbed from the 
GI tract (Ohno et al. 1986). In animals, absorbed chlordane is distributed most rapidly to the liver and 
kidneys, probably because of the extensive vascularity of these organs (Ohno et al. 1986), followed by 
redistribution to adipose tissue (Bamett and Dorough 1974). In humans, levels of chlordane residues 
in adipose tissue increase with increasing duration of exposure (ATSDR 1989~). Metabolism involves 
principally oxidation, dechlorination, and conjugation, yielding lipophilic products that accumulate in 
adipose tissue as well as more polar products that are excreted. Chlordane residues are excreted 
principally through the bile, although considerable species differences occur. Lactation is an important 
mechanism of excretion of chlordane residues retained in body fat. 

E.4.3.23.2 Noncancer Toxicity 
An acute oral lethal dose of chlordane in humans is estimated to be 25 to 50 mg/kg (ATSDR 1989~). 
Symptoms of acute oral or inhalation intoxication in humans consistently include GI disturbances such 
as vomiting, cramps, and diarrfiea, and neurological effects including headache, initability, dizziness, 
incoordination, convulsions, and coma. Data were not located regarding symptoms or effects in 
humans chronically exposed by the oral route. and no noncancer effects were observed in several 
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c -  .4V8 
studies of occupationally exposed humans. Mild liver lesions were observed in chronic oral studies in 
rats and mice. Renatal or eariy postnatal exposure of mice 90 cNopbam damages the developing 
immune system and nervous system. Target organs of chlordane include the liver, newous system, 
and the fetus and neonate. 

The EPA (1993a) derived an IUD of 0.06 pg/kg/day for chronic oral exposure to chlordane, based on 
an NOEL of 0.055 rn@g/day for liver effects in a 3Gmonth dietary study in rats (Velsicol Chemical 
Co., 1983). An uncertainty factor of lo00 was applied; factors of 10 each for inter- and intraspecies 
variation, and to reflect deficiencies in the database. 

E.4.3.23.3 Carcinonenicity 
The EPA (1993a) classifies chlordane in cancer weight-ofevidence Group B2, based on inadequate 
evidence in humans and sufficient evidence in animals. The human data consist of several 
epidemiologic studies of chlordane manufacturing workers and pesticide applicators. The only 
indication of a carcinogenic effect was a borderline significantly increased incidence of bladder cancer 
in one study of pesticide applicators, but chlordane exposure was not quantified and the workers were 
concomitantly exposed to other carcinogenic pesticides. The animal data consist of several studies in 
which oral exposure induced a dose-related increase in the incidence of liver tumors. The evidence for 
carcinogenicity in rats is equivocal. The EPA (1993a) derived an oral slope factor of 1.3 per 
mg/kg/day and an inhalation unit risk of 0.00037 per clgim3 based on liver tumor incidence in two 
dietary studies in mice. 

E.4.3.24 Cobalt 

E.4.3.24.1 Noncancer Toxicity 
Acute high oral or parenteral doses of cobalt in humans or animals induced myowdial degeneration 
often leading to mortality, erythropoiesis, enlarged thyroid. and, in animals, renal tubular degeneration 
(Elinder and Friberg 1986b). Chronic ingestion from the consumption of beer containing high 
concenVations of cobalt was associated with "beerdrinkers cardiomyopathy," which includes 
polycythemia and goiter, as well as marked myocardial degeneration and mortality. The therapeutic 
use of 0.16 to 0.32 mg cobalt/kg/day in anemic. anephric dialysis patients for 12 to 32 weeks induced 
a significant, but reversible, rise in blood hemoglobin concentration (EPA 1992g). 

Occupational (inhalation and dermal) exposure was associated with allergic dermatitis, chronic 
interstitial pneumonitis. reversibly impaired lung function. occupational asthma, and myowdial effects 
(ACGIH 1991). Cobalt was determined to be the etiologic factor in hard metal disease, the syndrome 
of respiratory symptoms, and pneumoconiosis associated with inhalation exposure to dum containing 
tungsten carbide with cobalt powder as a binder (Elinder and Friberg 1986b). The lowest occupational 
air concentration of cobalt associated with hard metal disease was 0.003 mg cobalt/m3 (Sprince et al. 
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1988). It should be noted that the workers were also exposed to tungsten and sometimes to titanium, 
tantalum, and niobium (Elinder and Friberg 1986b). Simiiar lung effects were seen in animals 
exposed to cobalt by inhalation. 

1 

2 

3 

B 
The developmental toxicity of cobalt was tested in rodents treated orally with cobalt chloride (EPA 
1992g). Matemal effects (unspecified) were reported in rats treated with 5.4 to 21.8 mg cobalt/kg/day 
from gestation day 14 through lactation day 21. Effects on the offspring included stunted growth at 
5.4 mg cobalVkg/day and reduced survival at 21.8 mg cobalVkg/day. In rats treated with 6.2, 12.4, or 
24.8 mg cobalt/kg/day on gestation days 6 through 15, maternal effects included reduced food 
consumption and body weight gain and altered hematologic parameters, although it is unclear at what 
dose level@) these effects occuned. There were no effects on fetal survival, although a nonsignificant 
increase in fetal stunting was observed in rats treated with 212.4 mg cobalt/kg/day. Mice treated with 
81.7 mg cobalt/kg/day had reduced maternal weight gain, but no fetal effects. 

Several studies reported testicular degeneration and atrophy in rats treated with cobalt chloride in the 
diet or drinking water at concentrations equivalent to doses of 5.7 to 30.2 mg cobalt/kg/day (EPA 
1992g). 

Cobalt is nutritionally essential as a cofactor in cyanocobalamin (vitamin B12) (EPA 19923). Cobalt 
is universally present in the diet. Average daily adult dietary intakes of cobalt range from 0.16 to 0.58 
mg/day (0.002 to 0.008 mg/kg/day, assuming adults weigh 70 kg) (Tipton et al. 1966; S c W e r  et al. 
1967). In 9- to 12-year-old children, dietary intakes of cobalt range from 0.3 to 1.77 mg/day (Murthy 
et al. 1971; National Research Council 1989). Assuming an average weight for children in' this age 
range of 28 kg (National Research Council. 1989), the dietary intakes are equivalent to 0.01 to 0.06 
mg/kg/day. 

B 

The EPA (1992g) concluded that the oral toxicity data were insufficient for derivation of an oral RfD 
for cobalt. The relatively well characterized dietary intake data, however, can provide useful guidance. 
The EPA (1992g) noted that the upper range of dietary intake for children, 0.06 mg/kg(day, was below 
the level associated with enhanced erythropoiesis in anephric patients. Therefore, the upper range of 
dietary intake, 0.06 mg cobalt/lcg/day, can be considered a guidance level for the oral intake of cobalt 
and can be used in place of an oral IUD in CERCLA and RCRA baseline risk assessments. 

The EPA (199Ob) derived an interim inhalation RfC from the LOAEL of 0.003 mg cobalt/m3 
associated with hard metal disease in occupationally exposed humans (Sprince et al. 1988). Conecting 
for intermittent occupational exposure (10 m3 of air inhaled per work day/20 m3 of air inhaled per day 
x 5 work days per weem days per week) yielded an adjusted LOAEL of 0.001 mg/m3. Application 
of an uncertainty factor of 1000 resulted in an interim chronic inhalation IUC of I E ~  mg/m3. 
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Assuming humans inhale 20 m3 of aidday and weigh 70 kg. the RfC is equivalent to 2.9EM 
mg/kg/day, munded to 4E-07 mgAcg/&y. 2 

Important target organs in orally exposed humans are the heart, erythrocyte, and thyroid. Target 
organs for occupational exposure are the skin, lungs, and heart. 

3 

4 

E.4.3.24.2 Carcina?enicitv 
Data regarding the carcinogenicity of cobalt were not located. 

5 

6 

E.4.3.25 Cower 1 

E.4.3.25.1 Noncancer Toxicitv 
Copper is a nutritionally essential element that functions as a cofactor in several enzyme systems 
(Aaseth and Norseth 1986). Acute exposure to large oral doses of copper salts was associated with GI 
disturbances, hemolysis, and liver and kidney lesions. Chronic oral toxicity in humans has not been 
reported. Chronic oral exposure of animals was associated with an irondeficiency type of anemia, 
hemolysis, and lesions in the liver and kidneys. Occupational exposure may induce metal fume fever, 
and, in cases of chronic exposure to high levels, hemolysis and anemia (ACGIH 1991). Neither oral 

nor inhalation IUD or RfC values were located for copper. The target organs for copper are the 
erythrocyte. liver, and kidney, and, for inhalation exposure, the lung. 
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E.4.3.25.2 Carcinolzenicitv 17 

18 

19 

Copper is classified in cancer weight-ofevidence Group D (not classifiable as to carcinoge&city to 
humans) (EPA 1993a). Quantitative risk estimates are not derived for Group D chemicals. 

E.4.3.26 Cvanide 

E.4.3.26.1 Noncancer Toxicity 
Acute exposure to cyanide induced histotoxic hypoxia (inability of the tissues to use oxygen); death 
was due to central respiratory arrest (Smith 1991). Chronic dietary exposure to cyanide was associated 
with reduced body weight gain, decreased thyroid activity, myelin degeneration, and reduced fertility 
in rats (EPA 1993a). The EPA (1993a) presented a verified RfD of 0.02 mg/kg/day for oral exposure 
to cyanide, based on an NOAEL in a two-year study in rats that consumed food fumigated with 
hydrogen cyanide, and an uncertainty factor of 500. The same value was adopted as the provisional 
RfD for subchronic oral exposure (EPA 1992b). The target organs for acute exposure are the CNS, 
respiratory system. and wdiovascular system (ACGM 1991). Target organs for chronic oral exposure 
to cyanide appear to be the thyroid and nelyous system. 
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E.4.3.26.2 Carcinorrenici 1 D The EPA (1993a) chsifi; cyanide as a cancer weight-ofevidence Gmup D substance (not 2 

3 classifiable as to carcinogenicity to humans). Quantitative risk estimates are not derived for Gmup D 
chemicals. 4 

E.4.3.27 4.4-Dichlorodi~henvltrichlomthane (DlYl2 5 

E.4.3.27.1 Noncancer ToXicitv 
The CNS is an important target organ in humans acutely exposed to DDT. Symptoms include a l t e d  

sensory perception, headache, nausea, disequilibrium, confusion, tremors, and convulsions (Hayes 
1982; ATSDR 198%). Tremors and hyperinitability were observed in chronically exposed animals 
(NCI 1978c; Rossi et al. 1977). The liver appears to be the other important target organ, at least in 
animals. Liver effects include enzyme induction, increased liver weight, increased sem levels of 
liver enzymes, hepatocellular hypertrophy, and necrosis (ATSDR 19894). The EPA (1993a) derived 
an RfD of 0.5 crglkgday for chronic oral exposure from an NOEL of 0.05 mg/kg/day for liver effects 
in a 15- to 27-week feeding study in rats (Laug et al. 1950). An uncertainty factor of 100 was applied 
with factors of 10 each for inter- and intraspecies variation. 
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E.4.327.2 Carcinorrenicitv 16 

The DIYI' is classified by EPA (1993a) as a cancer weight-ofevidence Gmup B2 compound (probable 17 

18 

19 

D human carcinogen), on the basis of inadequate human data and sufficient animal data. The human 
data consist of occupational studies of insufficient duration to identify a carcinogenic effect, and 
conflicting studies regarding tissue concentrations of DDT residues in cancer victims compared with 
c o m l s  (EPA 1993a). The EPA (1993a) derived an oral slope factor of 0.34 per mg/kg/day and an 
inhalation unit risk of 0.000097 per pg/m3 from the incidence of benign and malignant liver m o r s  in 
several oral studies in mice and rats. 

E.4.3.28 Dibenzofuran 

E.4.3.28.1 Noncancer Toxicitv 
Although data associated the PCDFs with chloracne and other effects in humans (ATSDR 1992). data 
were not located regarding the oral or inhalation toxicity of unsubstituted dibenzofuran. Neither oral 
nor inhalation RfD or Rfc values for dibenzofuran were located. Target organs for dibenzofuran have 
not been identified. 

E.4.3.28.2 Carcinopenicity 
Although data associated the PCDFs with cancer in humans (ATSDR 1992), data were not located 
regarding the carcinogenicity of unsubstituted dibenzofuran. The EPA (1993a) classifies dibenzofuran 
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a cancer weight-ofevidence Group D compound (not classifiable as to carcinogenicity to humans) 
because of the lack of data. Cancer risks are not estimated for Group D compounds. 

E.4.329 DibenzcFDdiom 'benZOfUranS 

Specific congeners and homologues of these classes of interest at this site include 1,2,3,4,6.7.8- 
heptachlorodibemfuran and -heptachlorodibenzo-gdioxin; 1,2,3,4,7,8,9-heptachlorodibenzofuran and 
-heptachlorodibenzo-pdioxin; 1,2.3,4,7.8-hexachlorodi~furan and -hexachlorodibenzo-pdioxin; 
1.2.3.6.7.8- and 2,3,4,6,7,8-hexachlorodibenzofuran; 1,2,3,7,8,9-hexachlo~bemfuran and 
-hexachlorodibenzu-pdioxh 1 2,3,6,7,8-hexachlorodibenzo-pdioxin; unspecified 
hexachlorodibenzof and dibenzo-pdioltins; 12,3,7,8- and 2 , 3 , 4 , 7 , 8 - p e n t a c h l o r b e ~ ~ ~ ;  
unspecified pentachlorodibenzofurans; 2,3,7,8-tetrachlorodibenzo- and unspecified 
tetrachlorodibenzof. 

E.4.3.29.1 Noncancer Toxicity 
Of the members of these classes, the toxicity of 2,3,7,8-TCDD has been studied most extensively. The 
only effect in humans clearly amibutable to 2.3,7,8-TcDD was chloracne (ATSDR 1989e). The data, 
however, also associated exposure to 2.3.7.8-TCDD with hepatotoxicity and neurotoxicity in humans. 
In animals, toxicity of 2,3,7,8-TCDD is most commonly manifested as a wasting syndrome with 
thymic atrophy, terminating in death, with a large number of organ systems showing nonspecific 
effects. chronic treatment of animals with 2,3,7,8-TCDD or a mixture of two isomers of 
hexachlorodibenzo-gdioxin resulted in liver damage. Immunologic effects may be among the more 
sensitive endpoints of exposure to the PCDDs in animals. In animals 2,3,7.8-TCDD is a 
developmental and reproductive toxicant. No verified or provisional noncancer toxicity values were 
located for any of the chemicals of interest in these classes (EPA 1993a. 1992b). ' 

E.4.3.29.2 CarcinoPenicitv 
Data regarding the carcinogenicity of 2,3,7,8-TCDD to humans, obtained from epidemiologic studies 
of workers exposed to pesticides or to other chlori~ted chemicals known to be contaminated with 
2.3.7.8-TCDD. are conflicting (ATSDR 1989e). The interpretation of these studies is not clear 
because exposure to 2,3,7,8-TCDD was not quantified, multiple routes of exposure (dermal, inhalation, 
oral) were involved, and the workers were exposed to other potentially carcinogenic compounds. In 
animals, however, 2,3,7,8-TCDD is clearly carcinogenic, inducing thyroid, lung, and liver tumors in 
orally mated rats and mice (EPA 1985). Similarly, oral matment with a mixture of two 
hexachlorodibenm-pdioxin isomers induced liver tumors in rats and mice. On the basis of the animal 
data, 2,3,7,8-TcDD and the hexachlomdibenzo-pdioxins were assigned to EPA cancer weight-of- 
evidence Group B2 (probable human carcinogen). Although the other PCDDs and PCDFs were not 
formally classified as to carcinogenicity to humans. for regulatory purposes they are treated as 

probable human carcinogens. , I  
_ i '  [ 577 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

:: Q 
19 

m 
21 

22 

23 

-2.4 

25 

26 

n 
28 

29 

30 

31 

32 

33 

34 

., . . 



FEMP-OlRI4 D W  
October 12.1993 

The EPA (1992b) presents provisional oral and inhalation slope factors for 2,3,7,8-TCDD of 150,000 
per rn@g/day, based on the incidence of liver and lung tumors in an oral study in rats (Kociba et al. 
1978). 

b 
Much less is known about the toxicity of other CDD and CDF congeners. Based on available toxicity 
data, EPA has developed a method for expressing toxicities of these compounds in terns of equivalent 
amounts of 2.3.7.8-TCDD. "Toxicity equivalency factors", or TEFs, a~ used to conven the 
concentration of a given CDDKDF into an equivalent concentration of 2,3,7,8-TCDD. The TEF 
approach has been applied in the risk assessment of dioxins and furans for Operable Unit 1, Table 
D.4-3 presents the TEFs developed by EPA (199od). 

E.4.3.30 Di -n-butvbhthalate (dibutvlDhthalate) 

E.4.3.30.1 Noncancer Toxic& 
The oral and inhalation toxicities of di-n-butylphthalate appear to be quite low (ACGIH 1991). Oral 
doses of 2000 mg/kg/day for 10 days induced testicular degeneration in mice and guinea pigs, but not 
in rats or hamsters. A one-year dietary study with di-n-butylphthalate resulted in mortality of half the 
rats within the first week; no adverse effects were obsewed in the suwivors @PA 1993a). A verified 
chronic oral RfD of 0.1 mglkglday was derived from the NOAEL in the one-year rat study and an 
uncertainty factor of 1000. The same NOAEL and an uncertainty factor of 100 were the basis of a 
provisional subchronic oral IUD of 1 mg/kg/day (EPA 1992b). The testis appears to be a target organ 
for oral exposure in some species. 

1 

E.4.3.30.2 Carcinopenicitv 
The EPA (1993a) classifies di-n-butylphthalate in cancer weight-of-evidence Group D (not classifiable 
as to carcinogenicity to humans), based on an absence of human or animal cancer data. Quantitative 
risk estimates are not derived for Group D chemicals. 

E.4.3.31 ~.3'-Dichlorobe~dine 

E.4.3.31.1 Noncancer Toxicitv 
The oral toxicity of 3,3'-dichlorobenzidine appears to be low. The oral LDSom in rats is 7000 mg/kg, 
and 9 of 14 rats w i v e d  gavage treatment with 700 mgkg for >288 days (ACGIH 1991). The EPA 
(1993a) reviewed the available inhalation data and concluded that the data were insufficient for 
derivation of an Rfc for chronic inhalation exposure. 

E.4.3.31.2 Carcinogenicity 
Epidemiology studies failed to implicate 3.3'dicNorobenzidine as a human carcinogen (Gadian 1975; 
Gerarde and Gerarde 1974; MacIntyre 1975). but several flaws in these studies seriously compromised ) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

in 

21 

22 

23 

2A 

25 

26 

n 
28 

29 

30 

31 

32 

33 



FEMP-OlRI-4 D M  
October 12,1993 

their sensitivity P A  1993a). 3,3'-Dichlorobenzidine was associated with tumors in several sites in 
rats, in the liver id urintuy bW&r hi bogs, hi the aver hi mice, and in tie urinary 'siadder hi 
hamsters (Osanai 1976; Safiotti et al. 1967; Stula et al. 1975, 1978). The EPA (1993a) classified 
3,3'dichlorobenzidine as a cancer weight-of-evidence Group B2 compound, and derived a slope factor 
for oral exposure of 0.45 per mg/kg/day, based on the incidence of mammary adenocarcinomas in 
female rats (Stula et al. 1975). 

E.4.3.32 Dichlorodifluoromethane 

E.4.3.32.1 Noncancer Toxicitv 
Oral exposure to dichlorodifluoromethane induces a low order of toxicity. In a two-year study, 150 
mg/kg/day deneased the rate of body weight gain in female rats; no effects were observed in rats 
receiving 15 mg/kg/day (Sherman 1974). The method of oral dosing (diet or gavage) was unclear. 
No clinical signs, organ weight effects, or histopathologic alterations were observed in rats treated with 
430 mg/kg/day for 10 days or in dogs treated with 90 mg/lcg/day for 90 days (Clayton 1967). The 
EPA (1993a) derived an IUD of 0.2 mglkglday for chronic oral exposure from the NOEL of 15 
mg/kg/day in the twc~year rat study. An uncertainty factor of 100 was applied with factors of 10 each 
for inter- and ina;lspecies variation 

E.4.3.32.2 Carcinogenicity 
Data were not located in EPA (1993a) regarding the carcinogenicity of dichlorodifluoromethane. 

E.4.3.33 1.l-Dichlomethane 

E.4.3.33.1 Noncancer Toxicitv 
CNS depression was the critical effect of oral or inhalation exposure of animals to 1,ldichlomethane 
(ACGIH 1991). Kidney damage was observed in cats. but not laboratory rodents, exposed by 
inhalation. Inhalation exposure of humans was associated with CNS depression and respiratory tract 
and ocular irritation. The EPA (1992b) presented a provisional chronic oral IUD of 0.1 mglkglday 
based on an NOEL in a 13-week intermittent exposure inhalation study in rats and an uncertainty 
factor of 1ooO. A provisional subchronic oral RfD of 1 m@g/day was based on the same NOEL and 
an uncertainty factor of 100. The EPA (1992b) presented a provisional chronic inhalation RfC of 0.5 
mghn3 based on an NOEL for kidney damage in cats exposed by inhalation to 1.1-dichloroethane and 
an uncertainty factor of 1OOO. A provisional subchronic ithalation RfC of 5 m@n3 was based on the 
same NOEL and an uncertainty factor of 100. The chronic and subchronic inhalation RfC values a~ 
equivalent to 0.1 and 1 mg/lcg/day, respectively, assuming an inhalation rate of 20 m3/day and a body 
weight of 70 kg for humans. Target organs for the toxicity of 1,l-dichloroethane are the CNS and 
kidney (in the cat) for oral exposure, and the CNS and respiratory and ocular mucosa for inhalation 
exposure. 
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E.4.3.33.2 Carcinopenici 
EPA classifies 1.1 dichloLthane as a cancer weight-ofevidence Group C compound (possible human 
carcinogen), based on no human cancer data and limited evidence of Carcinogenicity in animals (EPA 
1993a). The data were considered to be inadequate for quantitative cancer baseline risk assessment. 

B 

E.4.3.34 12-Dichloroethane 

E.4.3.34.1 Noncancer Toxicity 
Oral or inhalation exposure of humans or laboratory animals to 1.2-dichlomethane induced liver and 
kidney effects (ACGIH 1991). Inhalation exposure also induced pulmonary congestion or edema, and, 
in humans, CNS depression. Neither oral nor inhalation RfD or RfC values were located. The target 
organs for 1,2-dichloroethane toxicity are the liver, kidney, lung, and CNS. 

E.4.3.34.2 Carcinorzenicitv 
EPA classifies 1,2dichlomethane as a cancer weight-ofevidence Group B2 compound (probable 
human carcinogen), based on the induction of several tumor types in rats and mice treated by gavage, 
and on the induction of benign lung papillomas in mice after dermal application (EPA 1993a). The 
EPA (1993a) presented a slope factor for oral exposure of 0.091 per mg/kg/day, and a unit risk for 
inhalation e x p o m  of 2.6E-05 per pghn3, based on the incidence of vascular system hemangiosarco- 
mas in male 
assuming humans 'inhale 20 m3 of aidday and weigh 70 kg. D in the gavage study. The inhalation unit risk is equivalent to 0.091 per m@g/day, 

E.4.3.35 1.1-Dichloroethene 

E.4.3.35.1 Noncancer ToxiciR 
Chronic oral exposure of laboratory animals to 1.1-dichloroethene induced liver effects (EPA 1993a). 
In animals, inhalation exposure induced degenerative changes in the liver and kidneys (ATSDR 
19890. No health effects were observed in a limited study of 138 exposed workers (ACGIH 1986). 
The EPA (1993a) presented a verified RfD for chronic oral exposure of 0.009 mg/kg/day, based on an 
NOAEL for liver effects in a chronic drinking water study in rats and an uncertainty factor of 1ooO. 
The EPA (1992b) presented the same value as a provisional subchronic oral RfD. The liver and 
kidneys are the target organs for exposure to 1,ldichlomthene. 

E.4.3.35.2 Carcinonenicitv 
EPA classifies 1,ldichlomethene as a cancer weight-of-evidence Group C compound (possible human 
carcinogen). based on an inadequate occupational exposure cancer study, limited data in several animal 
studies, its mutagenicity and ability to alkylate deoxyribonucleic acid (DNA), and its structural 
similarity to vinyl chloride, a known human carcinogen (EPA 1993a). The eighteen available animal 
studies (1 1 biinhalation exposure, 5 by oral exposure, and 1 each by dermal application and B 
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subcutaneous injection) were limited in sensitivity by various deficiencies in design. Credible 
evidence that i,l-diCRiomethem was a complete carciiiagen wiu provided only by m e  12-mo;l~! 
inhalation study in mice, in which the incidence of kidney adenocarcinomas was significantly greater 
in the highdose males than in the conv~l  males. A slope factor of 0.6 per m@g/day for oral 
exposure was based on the increased incidence of adrenal pheochromocytomas in male rats mted by 
gavage for two years, even though the increase was not statistically significant. A unit risk for 
inhalation exposure of 5.OE-05 per pg/m3 was based on the incidence of kidney adenocarcinomas in 
male mice in the inhalation study mentioned above. The unit risk is equivalent to 0.175 per 
mg/kg/day, assuming humans inhale 20 m3 of aidday and weigh 70 kg. 

E.4.3.36 cis- 12-Dichloroethene ~c-l.2-Dichlo~thvlene) 

E.4.3.36.1 Noncancer Toxicity 
Repeated oral exposure of rats to cis-l,2dicNoroethene was associated with signs of anemia 
(decreased hematocrit and hemoglobin) (EPA 1992b). Inhalation exposure to isomeric mixtures of 
1,2dichlorOethene induced narcosis. and mixed isomers'of 12-dichloroethene were used as an 
anestheticgas (ACGIH 1991). The EPA (1992b) presented a provisional chronic oral RfD of 0.01 
mg/kg/day based on an NOAEL for signs of anemia in rats and an uncertainty factor of 3000. A 
provisional subchronic oral RfD of 0.1 mg/kg/day was derived from the same NOAEL and an 
uncertainty factor of 300. Target organs appear to be the exythmyte for oral exposure and the CNS 
for inhalation exposure. 

E.4.3.36.2 Carcinonenicitv 
The EPA (1993a) classifies cis-12-dichloroethene as a cancer weight-ofevidence Group D compound 
(not classifiable as to carcinogenicity to humans), based on an absence of human or animal cancer 
data. Quantitative estimates of cancer risk are not derived for Group D chemicals. 

E.4.3.37 trans-1 .2-Dichloroethene (t-12-Dichloroethvlene) 

E.4.3.37.1 Noncancer Toxicity 
The oral LDsW for uans-l.2dichloroethene in rats was 1275 m a g ;  death was preceded by CNS 
and respiratory depression (ACGM 1991). Histopathologic examination revealed lesions in the lungs 
and heart. Prolonged oral administration induced clinicopathologic evidence of mild liver damage 
(EPA 1993a). An NOAEL for this effect in a %day drinking water study in mice and an uncertainty 
factor of lo00 was the basis for a verified chronic oral RfD of 0.02 mg/kg/day. A provisional 
subchronic oral RfD of 0.2 mglkglday was derived from the same NOAEL and an uncertainty factor 
of lo0 (EPA 1992b). The target organs for inhalation exposure to trans-1~2dichlorOethene are the 
CNS. heart, and lungs; the liver appears to be the principal target of oral exposure. 
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E.4.3.37.2 Carcinoeenici 
Data regarding the c-~enicity of trans-1,2-dichlomthene were not located. D 
E.4.3.38 Dichlorofluoromethane 

E.4.3.38.1 Noncancer Toxicity 
Acute inhalation exposure of laboratory animals to high levels of dichlorofluoromethane produced 
CNS depression and narcosis, possible lung and liver pathology, and cardiac sensitization (ACGIH 
1991). Prolonged inhalation exposure was associated with severe liver damage and cinhosis and fetal 
loss. Neither oral nor inhalation RfD or RfC values were located for dichlorofluoromethane. The 
CNS, liver, lung and heart are the target organs for inhalation exposure to dichlorofluoromethane. 

E.4.3.38.2 Carcinoeenicitv 
Data were not located regarding the carcinogenicity of dichlorofluoromethane. 

1 

2 
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E.4.3.39 Diethyl Phthalate 12 

E.4.3.39.1 Noncancer Toxicitv 
Diethyl phthalate appears to have a low order of chronic oral toxicity. Reduced food intake and 
growth rate were the only effects observed in m fed a diet containing 5 percent diethyl phthalate 
(3160 mg/kg bw-day) for 16 weeks (Brown et al. 1978). No effects were observed in rats similarly 
treated with 1 percent in the diet (750 mgfltg bwday). In a two-year study, retarded growth and 
reduced food efficiency were observed in rats fed a diet containing 5 percent diethyl phthalate (Food 
Research Laboratories, Inc. 1955). No effects were observed in rats similarly fed a diet containing 2.5 
percent diethyl phthalate. Intraperitoneal injection of pregnant rats induced mild developmental effects 
(Singh et al. 1972). 

D 

The acute oral toxicity of diethyl phthalate is very low; the LDSono in rats was 9500 to 31,000 m@g 
(ACGIH 1991). Repeated oral treatment reduced food intake, body weight gain, and food efficiency 
(body weight gain/unit food intake), and altered organ weights, but produced no histopathologic 
lesions (EPA 1993a). Based on an NOAEL for decreased weight gain and altered organ weights in a 
subchronic dietary study in rats and an uncertainty factor of 1o00, EPA (1993a) derived a verified 
chronic oral RfD of 0.8 mg/kg/day. A provisional subchronic oral RfD of 8 mg/kg/day was based on 
the same NOAEL and an uncertainty factor of 100 (EFA 1992b). The data were not sufficient to 
identify target organs for the toxicity of diethyl phthalate. 

The EPA (1993a) derived an IUD of 0.8 mg/kg/day for chronic oral exposure from the NOAJX of 750 
mg/kg/day in the 16-week feeding study in rats (Brown et al. 1978). An uncertainty factor of lo00 
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was applied with factors of 10 each for inter- and intraspecies variation, and to expand from 
subchnic to ciuonic exposure. 

E.4.3.39.2 Carcinofzemcity 
The EPA (1993a) classifies diethyl phthalate as a cancer weight-ofevidence Group D compound (not 
classifiable as to carcinogenicity to humans) on the basis of no cancer data in humans and inadequate 
cancer data in animals. The only long-term studies, the 16-week and 2-year dietary studies described 
above, were not designed to measure carcinogenicity. Quantitative risk estimates are not derived for 
Group D compounds. 

E.4.3.40 2 A-Dimethvl~henol 

E.4.3.40.1 Noncancer Toxicity 
Little is known about the toxicity of 2,4dimethylphenol. The P A  (1993a) presented a chronic oral 
RfD of 0.02 mglkglday based on an NOAEL for nervous system effects and blood alterations in orally 
mated mice and an uncertainty factor of 3ooo. The EPA (1992b) presented a subchronic oral IUD of 
0.2 mg/kg/day based on the same NOAEL and an uncertainty factor of 300. The nervous system and 
blood may be target organs for the oral toxicity of 2,4dimethylphenol. 

E.4.3.40.2 Carcinopenicity 
Data were not located regarding the carcinogenicity of 2.4-dimethylphenol. 

E.4.3.41 Di-n-octvbhthalatg 

E.4.3.41.1 Noncancer Toxicity 
The oral LDSom for di-n-octylphthalate in mice was 6513 mg/kg (Sax 1984). Intraperitoneal injection 
in rats during organogenesis induced teratogenicity. The EPA (1992b) presented a provisional chronic 
and subchronic oral IUD of 0.02 mg/kg/day, based on an LOAEL for increased liver and kidney 
weight and serum biochemical evidence of liver damage in a dietary study in rats. An uncertainty 
factor of loo0 was used. The data suggested that the liver. kidney. and fetus are the target organs for 
the toxicity of di-n-octylphthalate. 

E.4.3.41.2 Carcinonenicitv 
Data were not located regarding the carcinogenicity of di-n-octylphthalate. 
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E.4.3.42 1.4-Dioxane 1 

E.4.3.42.1 Noncancer Toxicity 2 

The acute oral toxicity of 1.4-dioxane is low; LDsono values in laboratory animals ranged from u)o 

to 6OOO mglkg (ACGIH 1991). Repeated oral e x p o m  was associated with severe liver and kidney 
pathology. Malation studies in laboratory animals failed to identify adverse effects. Liver and 

inhalation IUD or RfC values were located for 1.4-dioxane. The target organs for oral exposure to 
1.4doxane are the liver and kidney. 
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kidney pathology were observed in workers exposed to high levels in the air. Neither oral nor 

E.4.3.42.2 Carcinoeenicitv 
Cancer studies consistently associated drinking water exposure of rats to 1,4dioxane with increased 
incidence of nasal cavity and liver tumors @PA 1993a). Drinking water exposure of mice resulted in 
increased incidence of liver tumors. An inhalation study in rats was negative. Occupational studies 
are inadequate to implicate 1.4-dioxane as a human carcinogen. On the basis of sufficient evidence for 
carcinogenicity in animals and inadequate evidence in hynans, 1Pdioxane is classified a cancer 
weight-of-evidence Group B2 compound (probable human carcinogen). The EPA (1993a) derived an 
oral slope factor of 0.011 per mg/kg/day, based on carcinomas of the nasal turbinates in orally exposed 
rats. Risk associated with inhalation exposure was not estimated. 

E.4.3.43 Ethvl Benzene D 
E.4.3.43.1 Noncancer Toxicity 
Subchronic to chronic oral or inhalation exposure of laboratory animals to ethyl benzene induced mild 
liver and kidney lesions (EPA 1993a). Acute inhalation exposure induced imtation of the mumus 
membranes in animals and humans, and prolonged inhalation exposure induced testicular degeneration 
in rabbits and monkeys (ACGIH 1991). The EPA (1993a) presented a verified chronic oral RfD for 
ethyl benzene of 0.1 mg/kg/day based on an NOEL for liver and kidney toxicity in female rats in a 
subchNc gavage study and an uncertainty factor of 1OOO. The EPA (1992b) presented a provisional 
subchronic oral RfD of 1 mg/kg/day based on the same NOEL and an uncertainty factor of 100. The 
EPA (1993a) also presented a verified chronic inhalation RfC of 1 mg/m3 derived from studies on 
developmental effects in rats and rabbits and an uncertainty factor of UK). The same value was 

adopted as the provisional subchronic inhalation exposure (EPA 1992b). The inhalation RfC is 
equivalent to 0.3 m@g/day, assuming humans inhale 20 m3 of air/day and weigh 70 kg. Target 
organs for exposure to ethyl benzene include the liver, kidneys, and testes, and, for inhalation 
exposure, the mucous membranes. 
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E.4.3.43.2 Carcinoeenicity 
Ethyl benzene is classified as a cancer weight-o€-evidena Gnup D compund (mt classifiab!e as m 
carcinogenicity to humans) (EPA 1993a) based on an absence of human or animal cancer studies. 
Quantitative estimates are not derived for Group D chemicals. 

E.4.3.44 Ethvl Parathion Parath~ ‘on) 
Ethyl parathion is generally known by its synonym, parathion (EPA 1993a). 

E.4.3.44.1 Noncancer Toxicity 
Parathion is a cholinesterase inhibitor that produces signs and symptoms of muscarinic stimulation 
(parasympathetic stimulation: increased secretion, bronchial constriction, miosis, GI cramps, and 
dianhea) and nicotinic stimulation followed by blockade (tachycardia, hypertension, muscle 
fasciculation, tremors, muscle weakness, flaccid paralysis) (Ecobichon 1991). In occupational 
exposure, reduced blood cholinesterase activity is a more sensitive endpoint than symptoms of toxicity 
(ACGIH 1986). ’Ihe EPA (1992b) presented a provisional chronic and subchronic oral RfD of 0.006 
mg/kg/day. based on an NOAEL for decreased erythmcyte cholinesterase activity in orally dosed 
humans and an uncertainty factor of 10. The target organ for parathion is the nervous system. 

E.4.3.44.2 Carcinorzenicitv 
The EPA (1993a) classifies parathion as a cancer weight-ofevidence Group C compound (possible 
human carcinogen), based on no human data and an increased frequency of adrenal coxtical and 
thyroid tumors observed in a dietary study in rats. Quantitative risk estimates were not available. 

E.4.3.45 2-Hexanone (methvl n-butvl ketone) 

E.4.3.45.1 Noncancer Toxicitv 
The acute oral toxicity of 2-hexanone is low, with an oral LD,,, for rats of 2600 m a g  (ACGIH 
1986). The classic effect of occupational (dermal and inhalation) exposure to 2-hexanone is peripheral 
neuropathy. The same effect was observed in inhalation experiments with laboratory animals. The 
data are inadequate for derivation of oral or inhalation RfD or RfC values (EPA 1992b). The 
peripheral nerves are the target organ for the toxicity of 2-hexanone. 

E.4.3.45.2 Carcinogenicity 
Data were not located regarding the carcinogenicity of 2-hexanone. 
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E.4.3.46 Isobutvl Alcohol 1 

E.4.3.46.1 Noncancer Toxicity 2 

oral or inhalation exposure to isobutyl alcohol induced CNS depression, liver and kidney effects, and 
decreased erythrocyte count in laboratory animals (ACGM 1986; EPA 1993a). The EPA (1993a) 
presented a verified chronic oral RfD of 0.3 m@g/day based on an NOEL for CNS effects in orally 

oral RfD of 3 mg/kg/day based on the same NOEL and an uncemhty factor of 100. Target organs 

3 

4 

5 

6 

7 

8 

treated rats and .an uncertainty factor of 1OOO. The EPA (1992b) presented a provisional subchronic 

for the toxicity of isobutyl alcohol are the CNS, liver, kidney, and erythmyte. 

E.4.3.46.2 Carcinogenicity 
Data regarding the carcinogenicity of isobutyl alcohol were not located. 

9 

10 

E.4.3.47 Lead 11 

E.4.3.47.1 Pharmacokinetics 
Studies in humans indicate that an average of 10 percent of ingested lead is absorbed, but estimates as 
high as 40 percent were obtained in some individuals (Tsuchiya 1986). Nutritional factors have a 
profound effect on GI absorption efficiency. Children absorb ingested lead more efficiently than 
adults; absorption efficiencies up to 53 percent were recorded for children three months to eight yean 
of age. Similar results were obtained for laboratory animals; absorption efficiencies of 5 to 10 percent 
were obtained for adults and 250 percent were obtained for young animals. The deposition rate of 
inhaled lead averages approximately 30 to 50 percent, depending on particle size, with as much as 60 
percent deposition of very small particles (0.03 pm) near highways. All lead deposited in the lungs is 
eventually absorbed. 

D 

Approximately 95 percent of the lead in the blood is located in the erythrocytes @PA 199Oc). Lead in 
the plasma exchanges with several body compartments, including the intemal organs, bone, and several 
excretory pathways. In humans, lead concentrations in bone increase with age (Tsuchiya, 1986). 
About 90 percent of the body burden of lead is located in the skeleton. Neonatal blood concentrations 
are about 85 percent of maternal concentrations (EPA 199Oc). Excretion of absorbed lead is 
principally through the urine, although GI secretion, biliary excretion, and loss through hair, nails, and 
sweat are also significant. 

E.4.3.47.2 Noncancer Toxicity 
The noncancer toxicity of lead to humans has been well characterized through decades of medical 
observation and scientific research (EPA 1993a). The principal effects of acute oral exposure are colic 
with diffuse paroxysmal abdominal pain (probably due to vagal irritation), anemia, and, in severe 
cases, acute encephalopathy,rparticularly in children Vsuchiya 1986). The primary effects of long- D 
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tern exposure a~ neurological and hematological. Limited occupational data indicate that long-term 
exposure to lead may induce kidney darnage. The principal m g a  orgimi of lead toxicity it2 thc 

erythrocyte and the nervous system. Some of the effects on the blood, particularly changes in levels 
of certain blood enzymes, and subtle neurobehavioral changes in children, appear to OCCUT at levels so 
low as to be considered nonthreshold effects. 

EPA (1992b) pnxents no inhalation Rfc for lead, but referred to the National Ambient Air Quality 
Standard (NAAQS) for lead, which could be used in lieu of an inhalation RfC. The NAAQSs are 
based solely on human health considerations and are designed to protect the most sensitive subgroup 
of the human population. The NAAQS for lead is 1.5 pg/m3, averaged quarterly @PA 1992b). The 
NAAQS is equivalent to 0.00043 m@g/day, assuming a body weight of 70 kg and an inhalation rate 
of 20 m3/day. 

The EPA (199oc, 1993a) determined that it is inappropriate to derive an RfD for oral exposure to lead 
for several reasons. First, the use of an RfD assumes that a threshold for toxicity exists, below which 
adverse effects are not expected to OCCUT; however, the most sensitive effects of lead exposure, 
impaired neurobehavioral development in children and altered blood enzyme levels associated with 
anemia, may occur at blood lead concentrations so low as to be considered practically nonthreshold in 
M~UC Second, IUD values are specific for the route of exposure for which they are derived. Lead, 
however, is ubiquitous, so that exposure occurs from virtually all  media and by all pathways 
simultaneously, making it practically impossible to quantify the contribution to blood lead from any 
one route of exposure. F d y ,  the dose-response relationships common to many toxicants, and upon 
which derivation of an RfD is based, do not hold true for lead. This is because the fate of lead within 
the body depends, in part, on the amount and rate of previous exposures, the age of the recipient, and 
the rate of exposure. There is, however, a m n a b l y  good correlation between blood lead 
concentration and effen Therefore, blood lead concentration is the appropriate parameter on which to 
base the regulation of lead. 

The EPA UBK lead model is an iterated set of equations that estimate blood lead concentration in 
children aged 0 to 7 years (EPA 199Oc; 1991~). The biokinetic part of the model describes the 
movement of lead between the plasma and several body compartments and estimates the resultant 
blood lead concentration. The rate of the movement of lead between the plasma and each 
c o m p m e n t  is a function of the transition or residence time (i.e.. the mean time for lead to leave the 
plasma and enter a given compamnent, or the mean residence time for lead in that compamnent). 
Compartments modeled include the erythrocytes, liver, kidneys, all the other soft tissue of the body, 
cortical bone, and trabecular bone. Excretory pathways and their rates are also modeled. These 
include the mean time for exa t ion  from the plasma to the urine, from the liver to the bile, and from 
the other soft tissues to the hair, skin, sweat, etc. The model pennits the user to adjust the transition 
and residence times. 
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At the time the Operable Unit 1 baseline risk assessment was completed, a iinal version of the EPA 
UBK model and guidance for its use in Superfund risk assessment was not available. Considering the 
c m n t  limitations of the EPA UBK model, it was not applied in the assessment of health effects of 
lead for Operable Unit 1. 

B 

EPA guidance (EPA, 1989k) establishes an interim soil cleanup level for lead of 500 to lo00 parts per 
million @pm) to be applied at Superfund sites. This range is considered by EPA to be protective for 
direct contact with lead-contaminated soils in residential setrings. The guidance adopts 
recommendations of the Centers for Disease Control and is to be followed when cumnt or predicted 
land use is residential. 

In more recent guidance P A  1991i) EPA states that they axe seeking reS0)ution of specific technical 
comms before issuing a directive recommending the UBK model as the preferred merhod for setting 
lead cleanup levels at CERCLA sites. The model is under review by the Science Advisory Board, and 
a guidance manual is under development. 

E.4.3.47.3 Carcinoeenicitv 
EPA (1993a) classifies lead in cancer weight-ofevidence Group B2 (probable human carcinogen), 
based on inadequate evidence of cancer in humans and sufficient animal evidence. The human data 
consist of several epidemiologic occupational studies that yielded confusing results. All of the studies 
lacked quantitative exposure data and failed to Control for smoking and concomitant exposure to other 
possibly carcinogenic metals. Rat and mouse bioassays showed statistically significant increases in 
renal tumors following dietary and subcutaneous exposure to several soluble lead salts. Various lead 
compounds were obsewed to induce chromosomal alterations in vivo and in vim, sister chromatid 
exchange in exposed workers, and cell mformation in Syrian hamster embryo cells; to enhance 
simian adenovirus induction; and to alter molecular processes that regulate gene expression. EPA 
(1993a) declined to estimate risk for oral exposure to lead because many factors (e.g., age, general 
health. nutritional status, existing body burden and duration of exposure) influence the bioavailability 
of ingested lead, invoducing a great deal of uncertainty into any estimate of risk 

D 

E.4.3.48 Malathion 

E.4.3.48.1 Noncancer Toxicity 
Malathion is an organic phosphorothioate that induces parasympathetic and C N S  effects by inhibiting 
acetylcholinesterase activity at the newe synapse (Ecobichon 1991). The acute oral toxicity of 
malathion is low, with an LDSOm in rats of approximately 2100 mgkg (ACGIH 1986). Acute effects 
include GI cramps, d i d e a ,  salivation, muscle fasciculations, and tremors. Effects are preceded by 
reduced cholinesterase activity in the tissues. particularly in the erythrocytes and plasma. Symptoms in 
intoxicated humans included CNS symptoms such as emotional instability, confusion. and memory loss D 
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consistent with cholinesterase inhibition. Fatal cases showed damage to the myocardium and the 
pericardial blood vessels. 

Effects observed in prolonged oral exposure studies in laboratory animals included reduced body 
weights and cholinesterase inhibition @PA 1993a). The EPA (1993a) derived an RfD of 0.02 
mg/kg/day for chronic oral exposure from an NOEL of 0.23 mg/kg/day for erythrocyte cholinesterase 
inhibition in human volunteers ingesting 16 mg/day for 47 days (Moeller and Rider 1962). An 
uncertainty factor of 10 was applied to account for variations in sensitivity within the human 
population. The EPA (1992b) presented the same value as a provisional subchronic oral RfD. The 
target organs for the toxicity of malathion are the nervous system and the heart. 

E.4.3.48.2 Carcinogenicitv 
Malathion has not yet been reviewed by the EPA for evidence of carcinogenicity to humans (EPA 
1993a). 

E.4.3.49 Manganese 

E.4.3.49.1 Noncancer Toxicity 
Manganese is nutritionally required in humans for normal growth and health (EPA 1993a) Humans 
exposed to approximately 0.8 mg manganesekg/day in drinking water exhibited lethargy, mental 
d i s tuwces  (1/16 Committed suicide), and other neurologic effects. The elderly appeared to be more 
sensitive than c h i l b  Oral wtment of laboratory rodents induced biochemical changes in the brain, 
but rodents did not exhibit the neurological signs exhibited by humans. Occupational exposure to high 
concentrations in air induced a generally typical spectrum of neurological effects. and increased 
incidence of pneumonia (ACGM 1986). 

Very recently. the chronic oral RfD for manganese was removed from IRIS (EPA 1993a). The 
subchronic oral RfD presented by EPA (1992b) was the same value as the chronic oral RfD. It seems 
prudent to remove the subchronic oral RfD as well, to reflect EPA's lack of confidence in this 

derivation. The EPA (1993a) presented a verified chronic inhalation RfC of O.OOO4 mg/m3 based on 
an LOAEL for respiratory symptoms and psychomotor disturbances in occupationally exposed humans 
and an uncertainty factor of 900. The EPA (1992b) presented the same value as a subchronic 
inhalation RfC. The inhalation RfC is equivalent to 0.0oO1 mg/kg/day, assuming humans inhale 20 
m3 of air/day and weigh 70 kg. The CNS and respiratory tract are target organs of inhalation 
exposure to manganese. 
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E.4.3.49.2 Carcinorrenici 
The EPA (1993a) classifiz manganese in cancer weight-of-evidence Group D (not classifiable as to 
carcinogenicity to humans). Quantitative cancer risk estimates a ~ e  not derived for Group D chemicals. 

0 

E.4.3.50 M e m  
Mercury ocm in three forms: elemental, organic, and inorganic. Although the toxicity of all forms is 
mediated by the mercury cation, the extent of absorption and pattern of distribution within the body, 
which deternines the effects observed, depends on the form to which the organism is exposed (Goyer 
1991). Bacterial activity in the environment wnvem inorganic mercury to methyl mercury (Berlin 
1986a). It is likely that either inorganic mercury or methyl mercury may be taken up by plants and 
enter the food chain, and this discussion will €ocus on inorganic and methyl mercury. Exposure to 
elemental mercury, which is more likely to occur in an occupational setting, is not discussed herein. 

E.4.350.1 Pharmacokinetics 
The GI absorption of inorganic mercury salts is about 2 to 10 percent in humans, and slightly higher 
in experimental animals (Berlin 1986a; Goyer 1991). Inorganic mercury in the blood is roughly 
equally divided between the plasma and erythrocytes. Distribution is preferentially to the kidney, with 
somewhat lower concentrations found in the liver, and even lower levels found in the skin. spleen, 
testes, and brain (Berlin 1986a). Inorganic mercury is excreted principally through the feces and urine, 
with minor pathways including the secretions of exocrine glands and exhalation of elemental mercury 
vapor. 

Methyl mercury is nearly completely (90 to 95 percent) absorbed fiom the GI tract (Berlin 1986a). 
The Concentration of methyl mercury in the erythrocytes is about 10 times that in the plasma. Methyl 
mercury leaves the blood slowly, showing particular affinity for the brain, particularly in primates. In 
rats, 1 percent of the body burden of methyl mercury is found in the brain, but in humans, 10 percent 
of the body burden is found in the brain. Somewhat lower levels are found in the liver and kidney. 
During pregnancy, methyl mercury accumulates in the fetal brain, often at levels higher than in the 
maternal brain. Most tissues except the brain transform methyl mercury to inorganic mercury. 
Excretion of methyl mercury is principally via the bile, with a half-life of 70 days in humans not 
suffering from toxicity. Following exposure to methyl mercury, some of the mercury in the bile exists 
as methyl mercury ad some as the inorganic form. The inorganic form is largely passed in the feces, 
but the methyl mercury is subject to enterohepatic recirculation. Another important excretory pathway 
for methyl mercury is lactation. 

E.4.350.2 Noncancer Toxicitv 
Target organs for inorganic or methyl mercury include the kidney, nervous system, fetus, and neonate. 
Acute oral exposure to high doses of inorganic mercury causes severe damage to the GI mucosa @ a.4 ,",, . 
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because of the corrosive nature of mercury salts, which may lead to bloody dianhea shock, CiFculatOxy 
collapse, and d& (Berlin 1986a; Goyer 1991). Acute sublethal poisoning induces severe kidney 
damage. Chonic exposure induces an autoimmune glomerular disease and renal tubular injury. The 
EPA (1992b) presented a verified IUD of 0.3 pghg-day for chronic oral exposure to inorganic 
mercury, based on kidney effects in rats. 

Acute or chronic exposure to methyl mercury leads to neurologic dysfunction (Bedin 1986a; Goyer 
1991). The region of the nervous system affected is speciesdependent Methyl mercury poisoning in 
rats induces peripheral nerve damage and kidney effects. In humans, the sensory cortex appears to be 
the most sensitive. The brain of the fetus and the neonate may be unusually sensitive to methyl 
mercury; retarded neurologic development was observed in prenatally exposed children whose mothers 
showed no clinical signs of poisoning. The EPA (1993a) derived an IUD of 0.3 pg/lcg/day for chronic 
oral exposure to methyl mercury based on neurological effects in environmentally exposed humans. In 
this derivation, an intake of 3 pg/lcg/day was an LOAEL corresponding to a blood level of 200 ng/mL, 
which was associated with CNS effects. An uncertainty factor of 10 was used to estimate an NOAEL 
from an LO-. 

E.4.3.50.3 Carcinoeenicitv 
The EPA (1993a) classifies inorganic mercury in cancer weight-ofevidence Group D (not classifiable 
as to carcinogenicity to humans), based on no data regarding cancer in humans, and inadequate animal 
and supporting data In an intraperitoneal injection study with metallic mercury in rats. sarcomas 
developed only in those tissues in direct contact with the test material (Druckrey et al. 1957). A two- 
year dietary study in rats with mercuric acetate (inorganic mercury) yielded no evidence of 
carcinogenicity (Fiahugh et al. 1950). In mice, however, dietary exposure to high doses of mercury 
chloride for up to 78 weeks induced renal adenomas and adenocarcinomas (Mitsumori et al. 1981). 
The €PA has not yet evaluated the carcinogenicity of organic mercury. No Carcinogenic effect, 
however, was observed in a two-year feeding study with phenylmercuric acetate in rats (Fitzhugh et al. 
1950). 

E.4.3.5 1 Methvlene ChIoride 

E.4.3.5 1.1 Noncancer Toxicitv 
Occupational exposure to high concentrations of methylene chloride may induce liver damage (ACGIH 
1986). Liver effects were induced in animals by inhalation or oral exposure (EPA 1993a). The EPA 

(1993a) pmsented a verified chronic oral RfD for methylene chloride of 0.06 m@g/day based on an 
NOAEL for liver toxicity in male and female rats in chronic drinking water studies and an uncertainty 
factor of 100. The EPA (1992b) presented the same value as a provisional subchronic oral IUD. The 
EPA (1992b) also presented a provisional subchronic and chronic inhalation RfC of 3 mg/m3, derived 
from an NOAEL for liver toxicity in a two-year intermittent exposure inhalation study in rats and an 
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uncertainty factor of 100. The inhalation RfC is equivalent to 0.9 mg/kg/day, assuming humans inhale 
20 m3 of air/day and weigh 70 kg. The principal target organ for methylene chloride is the liver. D 
E.4.35 1.2 CarCin0Penicit.v 
Methylene chloride is classified in EPA cancer weight-ofevidence Group B2 (probable human 
carcinogen), based on inadequate human data and sufficient evidence of carcinogenicity in animals 
(EPA 1993a). Animal inhalation studies showed incmsed incidence of hepatocellular neoplasms and 
alveolar/bronchiolar neoplasms in male and female mice, mammary tumors in rats of either sex, 
salivary gland sarcomas in male rats, and leukemia in female rats. Oral studies were inconclusive. An 
oral slope factor of 0.0075 per mg/kg/day was based on the incidence of liver tumors in two inhalation 
studies in mice. An inhalation unit risk of 4.7E-07 per m3 was based on the incidence of liver and 
lung tumors in one inhalation study. The inhalation unit risk is equivalent to 0.0016 per mg/kg/day, 
based on inhaled dose, assuming humans inhale 20 m3 of air/day and weigh 70 kg. 

E.4.3.52 2-Methvlna~hthalene 

E.4.3.52.1 Noncancer Toxicity 
Data located regarding the noncancer toxicity of 2-methylnaphthalene are limited to an oral lowest 
dose associated with lethality (L4d in rats of 5000 mg/kg (Sax 1984). Neither oral nor inhalation 
IUD or RfC values were located. 

E.4.352.2 CarcinoPenicity 
Data regarding the carcinogenicity of 2-methylnaphthalene were not located. 

D 

E.4.353 Methvl Parathion 

E.4.353.1 Noncancer Toxicity 
Methyl parathion inhibited cholinesterase activity in animals and humans, reduced erythrocyte count, 
hematocrit and blood hemoglobin concentration, and may have induced degeneration in the peripheral 
neryes of laboratory animals (EPA 1993a). The EPA (1993a) presented a verified RfD of 0.00025 
mg/kg/day for chronic oral exposure based on an NOEL for cholinesterase inhibition and effects on the 
erythrocytes in a two-year dietary study in rats. An uncertainty factor of 100 was used. The EPA 
(1992b) presented the same value as a provisional subchronic oral RfD. Target organs of methyl 
parathion are the erythrocyte and nervous system. 

E.4.3.53.2 Carcinorrenicity 
Data regarding the carcinogenicity of methyl parathion were not located. 
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E.4.3.54 4-Methvl-2-Pentanone (Methvl Isobutvl Ketone) 
The compound Bmethyl-2-pentanone is more commoniy h o w n  by i&s synonym, meiinyi isoiiutyi 
ketone (MIBK). 

E.4.3.54.1 Noncancer Toxicitv 
The acute toxicity of MIBK is low; oral LDsow values in rats, mice, and guinea pigs ranged from 
1600 to approximately 4600 m a g  (Krasavage et al. 1982). In a 13-week gavage study in rats. 50 
mg/kg/day was an NOEL for liver and kidney effects (EPA 1992b). Acute exposure of laboratory 
animals to high concentrations in air induced narcosis and death (Krasavage et al. 1982). Repeated 
inhalation exposures induced CNS effects and increased the kidney- and liver-to-body-weight ratios. 
Occupational exposure was associated with CNS and GI effects, and, a& high concentrations. ocular 
imtation (ACGM 1986). 

The EPA (1992b) presented a provisional chronic oral IUD of 0.05 mg/kg/day based on the oral 
NOEL in rats and an uncertainty factor of 1OOO. The same NOEL and an uncertainty factor of 100 
was the basis of a provisional subchronic oral RfD of 0.5 mg/kg/day. A provisional chronic inhalation 
RfC of 0.08 mg/m3 was based on an NOEL for increased kidney and liver weights in a W a y  
inhalation study in rats and an uncertainty factor of 1OOO. A provisional subchronic inhalation Rfc of 
0.8 mg/m3 was derived from the same inhalation NOEL and an uncertainty factor of 100. The chronic 
and subchronic inhalation RfC values are equivalent to 0.02 and 0.2 mg/kg/day, respectively, assuming 
an inhalation rate of 20 m3/day and a body weight of 70 kg for humans. The principal target organ 
for MIBK is the CNS. 

E.4.3.54.2 Carcinozenicitv 
Data were not located regarding the carcinogenicity of MIBK. 

E.4.3.55 2-Methvlohenol (ocresol) 

E.4.355.1 Noncancer Toxicitv 
The oral toxicity of 2-methylphenol is low; the LDsono in rats was 1350 mg/kg (ACGIH 1991). 
Ingestion by animals or humans of mixed isomers of methylphenol was associated with corrosion of 
the GI tissues, kidney tubular, pancreatic and liver damage, and nodular pneumonia. Occupational 
exposure of humans or inhalation exposure of animals to mixed isomers of methylphenol was 
associated with neurological effects, impaired kidney function, and irritation of the respiratory tract. 
The EPA (1993a) presented a verified chronic oral RfD of 0.05 mg/kg/day based on an NOAEL for 
decreased body weight and neurotoxicity in a gavage study in rats and an uncertainty factor of 1ooO. 

The EPA (1992b) presented a subchronic oral RfD of 0.5 mgfl<g/day based on the same NOAEL and 
an uncertainty factor of 100. Principal target organs are the nervous system, respiratory mucosa, liver, 
and kidney. 
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E.4.355.2 Carcinoeenici 
Methylphenol isomers w: tumor promoters in the two-stage mouse skin tumor initiation-promotion 
test (ACGM 1991). The EPA (1993a) classified 2-methylphenol as a caper weight-ofevidence 
Group C compound (possible human carcinogen), but derived no quantitative risk estimates for either 
oral or inhalation exposure. 

D 

E.4.3.56 3-Methvbhenol 

E.4.3.56.1 Noncancer ToXicitv 
The compound 3-methylphenol is often known by its primary synonym, m-cresol. The chemical 
produced CNS effects (salivation, urination, tachypnea, hypoactivity, m o r s )  and reduced food 
consumption and growth rate in rats treated by gavage for 90 days (EPA 1986a. 1987b). There 
appeared to be no functional or morphologic effects on the other organs of the body. The EPA 
(1992b) derived an RfD of 0.05 mgAcg/day from an NOAEL of 50 mg&/day in the %day rat study 
(EPA 1986a, 1987b). An uncertainty factor of lo00 was applied with factors of 10 each for inter- and 
intraspecies variation, and to expand from subchronic to chronic exposure. 

Inhalation data are limited to a study that associated exposure to approximately 6 to 9 mgim3 with 
hematopoietic and respiratory tract effects in rats and nasopharyngeal initation in humans (Uzhdavini 
et al. 1972). The data were insufficient for derivation of an RfC for chronic inhalation exposure (EPA D 1992b). 

E.4.3.56.2 Carcinoeenicity 
The EPA (1993a) classifies 3-methylphenol as a cancer weight-of-evidence Group C compound 
(possible human Carcinogen), based on inadequate data in humans and limited data for carcinogenicity 
in animals. The human data consist of anecdotal data associating occupational exposure with a case of 
carcinoma of the urinary bladder and a case of carcinoma of the vocal cords, but a causal association 
is not credible. Animal studies identify 3-methylphenol as a tumor promoter in the two-stage skin- 
painting assay in mice, but the data were not sufficient for quantitative risk estimation. 

E.4.3.57 4-Methvbhenol (D-CR SO11 

E.4.3.57.1 Noncancer Toxicity 
The oral toxicity of 4-methylphenol is low; the LDSono in rats is 1800 mgkg (ACGIH 1991). 
Ingestion by animals or humans of mixed isomers of methylphenol was associated with corrosion of 
the GI tissues, kidney tubular, pancreatic and liver damage, and nodular pneumonia. Occupational 
exposure of humans or inhalation exposure of animals to mixed isomers of methylphenol was 
associated with neurological effects, impaired kidney function and imtation of the respiratory tract. 
The EPA (1992b) presented a provisional chronic oral RfD of 0.05 rngkdday based on an NOAEL B 
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for decmsed body weight and neurotoxicity in a gavage study in rats and an uncertainty factor of 
1OOO. The P A  (io92b) also presented 8 pmvisioAal slsbcbnic oral RfD of 0.5 mg/kg/day based 011 
the same NOAEL and an uncertainty factor of 100. Principal target organs are the neryous system, 
respiratory mucosa, liver and kidney. 

E.4.357.2 Carcinogenicity 
Methylphenol isomers are tumor promoters in the twestage mouse skin tumor initiation-promotion test 
(ACGIH 1991). The EPA (1993a) classifies 2-methylphenol as a cancer weight-ofevidence Group C 
compound (possible human carcinogen), but derives no quantitative risk estimates for either oral or 
inhalation exposure. 

E.4.3.58 Molvbdenum 

E.4.3.58.1 Noncancer Toxicity 
Molybdenum is a nutritionally essential trace element involved in copper and sulfur metabolism 
(Friberg and Lener 1986). chronic molybdenum poisoning in livestock (heart disease) results from a 
molybdenum-mpper imbalance and is characterized by anemia, GI distuhnces, bone disorders, and 
growth depression In laboratory animals, excess molybdenum induced effects in the liver, kidneys, 
and spleen. Gout-like symptoms were observed in humans living in a high molybdenum, low copper 
a m .  A few cases of pneumoconiosis were reported in occupationally exposed workers. The EPA 
(1992b) presented a provisional chronic oral RfD of 0.005 m@g/day based on an LOAEL in humans 
exposed to high levels in water and diet and an uncertainty factor of 30. A provisional subchronic 
oral RfD of 0.04 m@g/day was based on an NOAEL for biochemical changes in the blood of humans 
exposed to high levels in water and an uncertainty factor of 1OOO. Target organs for molybdenum 
toxicity include the erythrocyte, liver, and kidney. 

E.4.358.2 Carcinogenicitv 
Data regarding the carcinogenicity of molybdenum were not located. 

E.4.359 NeDtunium 
Neptunium is the element of atomic number 93, just beyond uranium in the periodic table. Neptunium 
isotopes have m t  presented unusual problems in occupational radiation protection, nor have they, until 
recently, 'been of special environmental concern Aaention has recently been directed to the potential 
environmental exposure to the long-lived NP-237. which is estimated to be the principal surviving 
component of high level nuclear waste after ten or twenty thousand years. Np237 has a half-life of 
2.14 x 14 years, and is primarily produced in nuclear reactors via the (n2n) and (n.8) nuclear 
reactions with uranium. Its presence in the high-level nuclear waste, and its presumed environmental 
mobility, has made it an isotope with special environmental concern It has 'ken estimated that N p  
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237 may be the most hazardous remaining constituent of high-level nuclear waste during the interval 
from l0,OOO to 30,ooO yeam following disposal. 

E.4.359.1 Pharmacokinetic$ 
The fraction of ingested neptunium absorbed from the gastr0intesth.l tract into blood (F,) is currently 
assumed to be 0.01 (ICRP, 1980). This value was based on experimental data involving a large group 
of rats which were fed with doses of neptunium exceeding 1 m a g .  When the dietary dose is lower 
than 1 m a g ,  the fraction Fl was in order of 0.001 or less. Data on distribution and retention of 
neptunium in rats indicate that its metabolic behavior is similar to that of plutonium. However, there 

some indications that neptunium may distribute more like calcium than like plutonium in the 
skeleton. Forty-five percent of the neptunium leaving the transfer compartment will be translocated to 
mineral bone. Another 45 percent will be transported to the liver, and 0.035 percent or 0.011 percent 
to the testes or to the ovaries, respectively. The remaining neptunium leaving the transfer 
compartment is assumed to go directly to exeta .  The biological half-life of neptunium is about 100 
years in mineral bone, about 40 years in the liver, and it is assumed that neptunium is permanently 
retained in the gonads. These retention and translocation data were based on the ICRP common model 
for systemic distribution and retention of all transuranic elements. The model itself was largely based 
on plutonium data 

E.4.3.59.2 Noncancer Toxicitv 
All animal toxicity studies with neptunium have employed Np-237. Because of its low specific 
activity (0.76 m a g ) ,  the chemical toxicity effects of Np-237 are often observed to the exclusion of 
radiation effects. Soviet data in this area were studied by Moskalev et al ( N W .  1988). f i e  concern 
was not with the chemical effects. Although such effects might be a conmlling factor in an acute 
exposure to Np-237, they would not be an important factor at the usual levels of concern in radiation 
protection, and certainly not at the very low levels of potential environmental exposure. Therefore. 
health effects are assessed only with respect to wcinogenicity. 

E.4.3.59.3 Carcinoeenicitv 
Effects of neptunium exposure have not been studied in man. For radiation protection purposes it was 
assumed that radiation dose resulting from neptunium deposition in organs and tissues wil l  result in 
biomedical effects similar to those observed following the exposure of humans to other sources of 
ionizing radiation. flhe very limited data on neptunium effects in animals provide no direct useful 
estimates of risk to humans. These data play no direct role in establishing neptunium standards, they 
can nevertheless help to validate these standards through comparisons with other animal studies 
employing other radionuclides. 

Long-term radiation effects of NP-237 have been studied only in rats. Genetic effects have not been 
studied. Bone cancer has been the predominant long-term effect of low-level injections of Np-237; 
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both lung and bone cancer incidences are elevated following inhalation exposure. There is no 

general radiological characteristia. 
i .dk2t iOE tlazr F+*m a? !ow e x p m  !eve& mm!!tuts 2 L9ky Y I  h%l+h ..I Y. +& .. i i n n r p A i r t r r h 1 m  - y . w r - a r  fmm ..".U i t c  .W 

The annual limits of intake of Np237 as recommended by NCRP (1987 NCRP recommendations for 
annual limits on intake) are as follows: 

Oral ingestion 0.6 pCi based on non-smhastic limits 
2.0 pCi based on stochastic limits 

Inhalation 0.005 p a  based on non-stochastic limits 
0.010 pa based on stochastic limits 

The non-stochastic limit or dose equivalent applies to bone surface. 

E.4.3.60 Nickel 

E.4.3.60.1 Noncancer Toxicitv 
In a subchronic gavage study with nickel chloride in water, clinical signs of toxicity in rats included 
lethargy, ataxia, irregular breathing, reduced body temperature, salivation, and discolored extremities 
@PA 1993a). Inhalation exposure was associated with asthma and pulmonary fibrosis in welders 
using nickel alioys (ACGM 1986). Lung effects were observed in laboratory animals exposed by 
inhalation. The EPA (1993a) presented a verified IUD of 0.02 for chronic oral exposure to nickel, 
based on an NOAEL for decreased organ and body weights in a two-year dietary study with nickel 
sulfate in rats and an uncertainty factor of 300. The EPA (1992b) presented the same value as a 
provisional subchronic oral IUD. The CNS appears to be the target organ for the oral toxicity of 
nickel. The lung is clearly the target organ for inhalation exposure. 

E.4.3.60.2 Carcinogenicity 
Occupational exposure to nickel was associated with increased risk of nasal, laryngeal and lung cancer 
(ATSDR 1988a). Inhalation exposure of rats to nickel subsulfide increased the incidence of lung 
mors. The EPA (1993a) presents a cancer weight-ofevidence Group A classification (human 
carcinogen) for nickel, and presents an inhalation unit risk of 0.00024 per p@m3 for nickel refinery 
dust. The unit risk is equivalent to 0.84 per mg/kg/day, assuming humans inhale 20 m3 of air/day and 
weigh 70 kg. The quantitative estimate was derived from the human occupational studies. 
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E.4.3.61 Nitrate Nitropen, Nitrite Nitroeen 

E.4.3.61.1 Noncancer Toxicitv 

,. 
\' B 

microflora The oral toxicity of nitrate is mediated by its reduction to nitric by th CtheGItract 
(EPA 1993a). Nitrite induces oxidation of hemoglobin to methemoglobin, which is incapable of 
transporting oxygen from the lungs to the tissues. Human toxicity is generally associated with high 
levels of nitrate or nitrite in drinking water. Infants am the most sensitive members of the population. 
The EPA (1993a) presented a verified chronic oral IUD for nitrate of 1.6 mg nitrate nitrogenkuday. 
based on an NOAEL for methemoglobinemia in infants and an uncertainty factor of 1. The EPA 

. 

(1993a) also presented a verified chronic oral RfD for nitrite of 0.1 mg nitrite nitrogen/kg/day, based 
on the same NOAEL and an uncertainty factor of 10. The EPA (1992b) adopted the chronic oral IUD 
for nitrite nitrogen as sufficiently protective for subchronic inhalation as well. The target tissue for the 
toxicity of nitrate or nitrite is the erythrocyte. 

E.4.3.61.2 Carcinoeenicity 
Data regarding the carcinogenicity of uncombined nitrate or nitrite were not located. Nitrite can 
combine with secondary amines in food or other nitrogenous compounds to form nitrosamines or other 
N-nitroso compounds, many of which are important animal carcinogens (Menzer 1991). 

E.4.3.62 N-nitrosodiDhenvlamine (DiDhenvlnitrosamine) 

E.4.3.62.1 Noncancer Toxicity 
The acute oral toxicity of N-nitrosodiphenylamine is low; oral LDsono values in rats and mice are 
1650 and 3850 mg/kg, respectively (Sax 1984). Data regarding the noncancer effects of repeated oral 
or inhalation exposure were not located. 

E.4.3.62.2 Carcinonenicitv 
The EPA (1993a) classifies N-nitrosodiphenylamine in cancer weight-of-evidence Group B2 (probable 
human carcinogen), based on inadequate human data and sufficient evidence for carcinogenicity in 
animals. A verified oral slope factor of 0.0049 per mg/kg/day was based on increased incidence of 
bladder tumols in a chronic drinking water study in rats. 

E.4.3.63 4-Nitroaniline 

E.4.3.63.1 Pharmacokinetig 
Data regarding the extent of gastrointestinal absorption of 4-nimaniline were not located in the 
available literanue. Data regarding the dinitrobenzenes, however, suggest that absorption from the 
gastrointestinal tract may be substantial (EPA 1980b). 4-Nitrdsliline is readily absorbed through the 
skin (ACGM 1986). Lacking more quantitative data, default values for absorption efficiency of 0.9 D 
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for gastrointestinal absorption and 0.3 for dermal uptake from soil (EPA 19936) appear to be 
reasonable. 

E.4.3.63.2 Noncancer Toxicity 
Oral LD, values of 810,450, and 750 mglkg were reported for mice, guinea pigs, and rats. 
respectively (Sax, N.I. 1984), which suggests moderate toxicity by the oral route. Acute effects in 
humans include neurologic symptoms consistent with methemoglobinemia and hemolytic anemia 
(ACGIH 1986; Sax 1984). chronic effects in laboratory animals include liver pathology (Sax 1984). 
An oral RfD of 0.003 mglkgday was located, but the basis of this derivation is unclear (EPA 1993~). 
Data regarding inhalation exposure were not located. 

E.4.3.63.3 Carcinopenicity 
Data regarding the carcinogenicity of 4-nitrOaniline were not located in the available literature. 

E.4.3.64 4-Nim~henol 

E.4.3.64.1 Pharmacokinetics 
Data regarding the pharmacolchtics of 4-nimphenol were not located. EPA (1980) stated that the 
dinitrophenols are administrative. Lacking more quantitative data, default values for absorption 
efficiency of 0.9 for gastrointestinal absorption and 0.3 for dermal uptake from soil @PA 1993c) 
appear to be reasonable. 

E.4.3.64.2 Noncancer Toxicitv 
Oral LD5, values of 467 and 350 mg/kg were reported for mice and rats, respectively (Sax, N.I. 1984). 
which suggests moderate toxicity by the oral routes. chronic effects in laboratory animals include 
liver pathology, splenomegaly and neurologic signs (EPA 198Ob). An oral FUD of 0.008 mg&-day 
was located, but the basis of this derivation is unclear (EPA 1993e). Data regarding inhalation 
exposure were not located 

E.4.3.64.3 Carcinopenicity 
EPA (1993b) assigned 4-nitroaniline to EPA weight-of-evidence Group D, not classifiable as to 
carcinogenicity to humans. 

E.4.3.65 PentachloroDhenol 

E.4.3.65.1 Noncancer Toxicity 
Acute inhalation exposure to mists or dusts of pentachlorophenol was associated with vascular damage 
culminating in heart failure (ACGM 1986). Survivors suffered from impaired autonomic function, 
circulation. and vision Chronic oral exposure was associated with liver and kidney lesions (EPA 
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1993a). The EPA (1993a) presented a verified chronic oral RfD of.0.03 mg/kg/day based on an 
NOAEL for liver and kidney effects in a chronic dietary study in rats and an uncertainty factor of 100. 
The EPA (1992b) presented the same value as a provisional subchronic oral RfD. Target organs for 
the toxicity of pentachlomphenol include the circulatory and nervous systems, and the liver and 
kidney. 5 

1 
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E.4.3.65.2 Carcinorrenicitv 6 

The EPA (1993a) classifies pentachlomphenol in cancer weight-ofevidence Group B2 (probable 

consisted of dietary studies in mice that show an increased incidence of liver, adrenal and vascular 
tumors, and studies in rats that show no carcinogenic effect. The test material used in these studies 
was approximately 90 percent pure, and was contaminated with tri- and tetrachlomphenol, hexachloro- 
benzene, PCDDs, and PCDFs. The EPA (1993a) presented a verified oral slope factor of 0.12 per 
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human carcinogen) on the basis of inadequate human data and sufficient animal data The animal data 

mg/kg/day, based on the incidence of liver, adrenal, and vascular tumors in orally exposed mice. 

E.4.3.66 Phenol 14 

E.4.3.66.1 Noncancer Toxicitv 
Oral LDsW values for phenol were 300 mg/kg in mice and 414 m a g  in rats (Sax 1984). Sub 
chronic and chronic oral exposure were associated with depressed growth mte, possibly due to 
decreased water or food intake, and kidney damage (EPA 1993a). The fetus appears to be more 
sensitive than adults, showing decreased body weights at doses that are not matemally toxic. Exposure 
of animals to phenol vapors was associated with damage to the lungs, heart, liver, and kidneys 
(ACGIH 1986). phenol vapors are absorbed through the skin as readily as through the lungs. The 
EPA (1993a) presented a verified chronic oral RfD of 0.6 mg/kg/day, based on an NOAEL for reduced 
fetal body weight in rats treated by gavage and an uncertainty factor of 100. The EPA (1992b) 
presented the same value as a provisional RfD for subchronic oral exposure. The principal target 
organs for the toxicity of phenol are the kidney and the fetus. 
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E.4.3.66.2 Carcinorrenicitv 26 

The EPA (1993a) classifies phenol in cancer weight-ofevidence Group D compound (not classifiable 
as to carcinogenicity to humans), based on the absence of cancer data in humans and inadequate 
animal data. Quantitative risk estimates are not derived for Group D compounds. 
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E.4.3.67 Plutonium M 

Plutonium is a silvery-white radioactive metal that exists as a solid under normal conditions. There 31 

32 are several isotopes of plutonium, the most common ones are Pu-238 and Pu-239 with half-lives of 90 
years and 24,000 years, respectively. 
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Only small amounts of plutonium occur naturally. However, large amounts have been produced by 
man in nuclear mtoi=s. Most envimnmessiai pluUriiiun exists as oxides md i-iixi&.s. Mesmr&k 
amounts of plutonium were released to the environment by atmospheric testing of nuclear weapons 
and by accidents at weapons production, and utilization facilities. In addition, accidents involving 
weapons transport, satellite reentry, and the Chemobyl reactor fire have also released smaller amounts 
of plutonium U) the atmosphere. The average levels in U. S. soils, from all sources are currently about 
2 mCi/Km2. 

E.4.3.67.1 Pharmacokinetics 
Absorption of plutonium from the gastro- intestinal tract is minimal following an oral ingestion. It is 
dependent on age, chemical form, stomach content, dietary intake, oxidation state, administration 
media, and other nutritional factors. A rapid decrease in absorption was seen with increasing age. In 
hamsters between 1 day and 30 days of age, absorption of plutonium decreased from 3.5 to 0.003 
percent of the administered dose (ATSDR 199Ob). In humans, the fraction of plutonium absodxd 
from the gastrointestinal tract into the blood (F,) is 0.001 for highly soluble plutonium compounds and 
1 x lo5 for highly insoluble compounds. However, the most likely pathway of human exposure to 
plutonium is by inhalation. Once inhaled. the amount of plutonium which is retained by the lungs is 
dependent on several factors, such as the particle size and the chemical form of plutonium. The 
fraction of the highly soluble compounds which transfer from the lungs to the blood is 0.01 for Class 
W, and 1 x lo-’ for Class Y compounds. The ICRP task group concluded that no plutonium 
compounds should be assigned to inhalation Class D. Studies have indicated that plutonium is a lung, 
skeletal. and liver carcinogen in animals depending on its chemical form, route of exposure, and 
species. Plutonium-239 dioxide is insoluble. therefore, it is primarily retained by the lung and 
associated lymph nodes after inhalation. Soluble Pu-238 is translocated from the lung to the bone and 
liver. 

E.4.3.67.2 Noncancer Toxicity 
Radiation pneumonitis. characterized by alveolar edema, fibrosis, and pulmonary hyperplasia and 
metaplasia were observed in dogs, mice, rats, hamster, and baboons following high levels of inhalation 
exposure to Pu-239 or Pu-238 dioxide. Increases in liver enzymes were also observed after a single 
inhalation exposure to Pu-239 nitrate which resulted in 4.4 x 1 6  pCi/kg. Osseous atrophy and 
radiation osteodystrophy were observed 4,000 days postexposure in dogs given a single inhalation 
exposure to Pu-238 dioxide. 

Gastrointestinal effects were observed in neonatal rats following administration by gavage of 1 x 1 6  
pCi/kg or 3.3 x 108 pCmg of Pu-239 citrate. In the lower dose group, mild hypertrophy of crypts of 
small intestines, which form the secretion of the small intestines, was observed 11 days post-exposure. 
Total disappearance of epithelial cells and crypts, combined with intestinal hemomhaging, was 
observed in the higher dose group. 
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No studies were located regarding gastrointestinal, cardiovascular, renal, or dermal effects in humans 
or animals after inhalation exposure to plutonium. Similarly, no studies regarding respiratory, 
cardiovascular, hematological, musculoskeletal, hepatic, renal, or demal effects in humans or animals 
after oral exposure to plutonium were located. 

E.4.3.67.3 Carchofzenicitv 
Experiments in dogs have provided the most data on radiation-induced cancer following inhalation 
exposure to plutonium. The most fresuently observed cancer in dogs treated with Pu-239 dioxide was 
lung cancer. The majority of lung tumors in dogs were bmncholar-alveolar carcinoma When dogs 
are treated with a more soluble form of Pu-239 or with Pu-238, plutonium translocates from the lungs 
to other sites, where liver and bone tumors, in addition to lung tumors, have been repotted. However, 
lung tumors were the primary cause of death in dogs exposed to Pu-239 dioxide at an initial lung 
deposition as low as 2.1 x Id' pCi/kg. On the other hand, osmsaccomas was the primary cause of 
cancer death upon exposure to Pu-239 dioxide. Statistically significant inc- in lung cancer have 
been reported in rats with lung deposition levels of 3.1 x 104 pCi of Pu-238 per kg body weight. 

E.4.3.68 Polvaromatic Hvdrocarbons 
PAHs are a large class of ubiquitous natural and anthropogenic chemicals, all with similar chemical 
structures (ATSDR 1990). There are 16 individual PAHs listed among the Bcs for Operable Unit 1. 

E.4.3.68.1 Pharmacokinetics 
Although quantitative absorption data for the PAHs were not located, benzo(a)pyrene was readily 
absorbed across the GI (Rees et al. 1971) and respiratory epithelia (Kotin et al. 1969; Vaidch et al. 
1976). The high lipophilicity of other compounds in this class suggests that other PAHs also would be 
readily absorbed across GI and respiratory epithelia. 

Benzo(a)pyrene was distributed widely in the tissues of treated rats and mice, but primarily to tissues 
high in fat, such as adipose tissue and mammary gland (Kotin et al. 1969; Schlede et al. 1970a). 
Pattern of tissue distribution of other PAHs would be expected to be similar because of the high 
lipophilicity of the members of this class. 

Studies of the metabolism of benzo(a)pyrene provide information relevant to other PAHs because of 
the Svuctural similarities of all members of the class. Metabolism involves microsomal mixed 
function oxidase hydroxylation of one or more of the phenyl rings with the formation of phenols and 
dihydmdiols, probably via formation of arene oxide intermediates (EPA 1979a). The dihydrodiols 
may be further oxidized to diol epoxides, which, for certain members of the class, are known to be the 
ultimate carcinogens (LaVoie et al. 1982). Conjugation with gluWone or glucuronic acid, and 
reduction to tetrahydrotemls are important detoxification pathways. Metabolism of naphthalene 
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resulted in the formation of 1,2-naphthoquinone, which induced cataract formation and retinal damage 
irl raps and rabbits. 

Excretion of benzoopyrene or dibem(a.h)anthracene residues was reported to be rapid, although 
quantitative data were not located (EPA 1979b). Excretion occured mainly via the feces. probably 
largely due to biliary secretion (Schlede et al. 1970a. 1970b). The EPA (1980a) concluded that 
accumulation in the body tissues of PAHs from chronic low level exposure would be unlikely. 

E.4.3.68.2 Noncancer Toxicity 
Of the PAHs of concern, oral noncancer toxicity data are available for acenaphthene, anthracene, 
fluoranthene, fluorene, and naphthalene. Newborn infants, children, and adults exposed to naphthalene 
by ingestion. inhalation, or possibly by skin contact developed hemolytic anemia with associated 
jaundice and occasionally renal disease (EPA 1979~). In a 13-week gavage study in rats, treatment 
with 50 mg naphthalenebg, 5 daysbeek for 13 weeks (35.7 mg/kg/day) induced no effects; higher 
doses presumably reduced the growth rate (National Toxicology Program (NTP) 1980). Application of 
an uncertainty factor of loo0 yielded a provisional IUD for chronic oral exposure of 0.04 mg/kg/day 
@PA 1992b). The very mild effect (decreased growth rate) apparently observed at higher doses 
suggests that the IUD is very consewatively protective. 

Acenaphthene appears to be a mild hepatotoxicant, and possibly a nephrotoxicant, in rodents (EPA 
1993a). In a comprehensive M a y  toxicity study in mice, gavage mament with 175 m@g/day was 
an NOAEL; liver weight changes accompanied by hepatocellular hypemophy and elevated cholesterol 
levels occumd in mice treated with 350 or 700 mg/kg/day (EPA 1989e). Oral treatment of rats and 
mice for 32 days with 2000 mg/kg/day resulted in weight loss and mild liver and kidney lesions 
(Knobloch et al. 1969). The EPA (1993a) verified a chronic oral IUD for acenaphthene of 0.06 
m@g/day based on an NOAEL for liver effects in a subchronic gavage study in mice and an 
uncertainty factor of 3OOO. An uncertainty factor of 3000 was used with factors of 10 each for inter- 
and intraspecies variation and to expand from subchronic to chronic exposure, and a factor of 3 to 
reflect gaps in the database, namely lack of adequate data in a second species and lack of 
developmental and reproductive data. Confidence in the database was low because of the data gaps. 
Confidence in the critical study was low because the effects were considered adaptive, rather than 
adverse, which implies that the IUD is exmmely conservative. The EPA (1992b) presented a 
provisional subchronic oral RfD of 0.6 based on the same NOAEL and an uncertainty factor of 300. 
Target organs for acenaphthene include the liver and kidney. 

The toxic potency of anthracene appears to be very low. In a chronic study in rats, doses of 5 to 15 
mg/rat (16 to 48 mg/kg/day) via the diet had no effect on longevity or gross or histopathologic 
appearance on unspecified tissues (Schmahl 1955). Gavage trearment of mice with loo0 mg/kg/day 
for at least 90 days had no effects on a comprehensive range of toxicologic parameters (EPA 19890. 
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The NOEL of lo00 mg/kg/day in mice and an uncertainty factor of 3000 (10 each for inter- and 
intraspecies variation, and u) for the use of a subchronic study and an incomplete database) yielded a 
verified RfD for chronic oral exposure of 0.3 mg/kg/day (EPA 1993a). The EPA (1992b) presented a 
provisional subchmnic oral RfD of 3 mg/kg/day based on the Same NOEL and an uncertainty factor of 
300. The data were inadequate to define target organs for the toxicity of anthracene. 
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Fluoranthem appears to be toxic to the liver, kidney, and blood. In a comprehensive 13-week gavage 
study in mice, 125 mg/kg/day was an NOAEL and 250 mglkglday was an LOAEL (EPA 1988~). The 
verified chronic oral RfD for fluoranrhem is 0.04 mg/kg/day, based on the NOAEL in a 
comprehensive 13-week gavage study of 125 mg/kg/day in mice and an uncertainty factor of 3000 
(EPA 1993a). The uncertainty factor of 3000 includes factors of 10 each for inter- and intraspecies 
variation, and a factor of 30 to expand from subchronic to chronic exposure and to reflect an 
incomplete database. A provisional subchronic oral RfD of 0.4 mg/kg/day was derived from the same 
NOAEL and an uncertainty factor of 300. The liver, kidney, and blood appear to be the target organs 
for the toxicity of fluoranthe. 

The critical effects of oral exposure to fluorene appear to be hemolytic anemia and CNS effects. In 
mice treated by gavage for 13 weeks, 125 mg/kg/day was an NOAEL and 250 mg/kg/day was an 
LOAEL (EPA 1989g). A verified chronic oral RfD for fluorene of 0.04 mg/kg/day was based on the 
NOAEL of 125 mg/kg/day for hemolytic anemia in mice (EPA 1993a). An uncertainty factor of 3OOO 
was used with factors of 10 each for inter- and intraspecies variation and to expand from subchronic to 
chronic exposure, and a factor of 3 to reflect gaps in the database. The EPA (1992b) presented a 
provisional subchronic oral RfD of 0.4 mg/kg/day based on the same NOAEL and an uncednty 
factor of 300. The target organs of fluorene toxicity are the erythrocyte and the CNS. 
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Newborn infants, children, and adults exposed to naphrhalene by ingestion, inhalation, or possibly by 
skin contact developed hemolytic anemia with jaundice and, occasionally, renal disease (EPA 1980a). 
In a 13-week gavage study in rats, treatment with naphthalene reduced the gfowth rate (EPA '1992b). 
Application of an uncertainty factor of lo00 to the rat NOEL yielded a provisional RfD for subchronic 

be the target organs for the toxicity of naphthalene. 
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and chronic oral exposure of 0.04 mg/kg/day (EPA 1992b). The erythrocyte and the kidney appear to n 
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Mild kidney lesions appear to be the critical effects of pyrene. In mice mated by gavage for 13 

weeks, 75 mg/kg/day was an NOAEL and 125 mg/kg/day was an LOAEL (EPA 1989h). 
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Even in 
mice treated with 250 mg/kg/day the lesions were considered minimal to mild. The EPA (1993a) 
verified a chronic oral RfD for p p n e  of 0.03 mg/kg/day based on the NOAEL in mice and an 
uncertainty factor of 3000 (10 each for inter- and intraspecies variation and to expand from subchronic 
to chronic exposure, and a factor of 3 to reflect gaps in the database). The EPA (1992b) presented a 
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E.4.3.68.3 Carcinorremcity 
"he PAHs are ubiquitous, being released to the environment from anthropogenic as well as from 
natural sources (ATSDR 1987). Benzo(a)pyrene is the most extensively studied member of the class. 
inducing tumors in multiple tissues of virtually all laboratory species tested by all routes of exposure. 
Although epidemiology studies suggested that complex mixtures that contain PAHs (coal tar, soots. 
coke oven emissions, cigmtte smoke) are caminogenic to humans (EPA 1993a), the carcinogenicity 
cannot be attributed to PAHs alone because of the presence of other potentially wcinogenic 
substances in these mixtures (ATSDR 1987). In addition, recent investigations showed that the PAH 
fraction of roofing tar, cigmtte smoke, and coke oven emissions accounted for only 0.1 to 8 percent 
of the total mutagenic activity of the unfractionated complex mixture in Salmonella (Lewtas 1988). 
Aromatic amines, nitrogen heterocyclic compounds, highly oxygenated quinones, diones, and 
nimxygenated compounds, none of which would be expected to arise from in vivo metabolism of 
PAHs. probably accounted for the majority of the mutagenicity of coke oven emissions and cigarette 
smoke. Fur&hermore, coal tar, which contains a mixture of many PAHs, has a long history of use in 
the clinical treatment of a variety of skin disorders in humans (ATSDR 1987). 

Because of ?he lack of human cancer data, assignment of individual PAHs to EPA cancer weight-of- 
evidence groups was based largely on the results of animal studies with large doses of purified 
compound (EPA 1993a). Frequently, unnatural routes of exposure, including implants of the test 
chemical in beeswax and aioctanoin in the lungs of female Osbome-Mendel rats, intratracheal 
instillation, and subcutaneous or inmiperitoneal injection, were used. Of the PAHs of concern, no 
EPA cancer weight-ofevidence group classification was provided for acenaphthene (EPA 1993a). 
Anthracene. benzo(g,h,i)perylene, fluoranthene, fluorene, and naphthalene wetl: classified in Group D 
(not classifiable as to Carcinogenicity to humans), and benzo(a)anthr;icene. benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(k)fluoranthene. chrysene, dibenz(ah)anthracene, and 
indeno( 1,2.3-cd)pyrene were classified in Group B2 (probable human carcinogens). 

The EPA (1993a) verified a slope factor for oral exposutl: to benzo(a)pymne of 7.3 per mg/kg/day, 
based on several dietary studies in mice and rats. Neither verified nor provisional quantitative risk 
estimates were available for the other PAHs in Group B2. The EPA (1980a) promulgated an ambient 
water quality criterion for "total carcinogenic PAHs." based on an oral slope factor derived from a 
study with benzo(a)pynme, as being sufficiently protective for the class. Largely because of this 
precedent. the quantitative risk estimates for benzo(a)pyrene were adopted for the other carcinogenic 
PAHs when quantitative estimates were needed. 
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Recent reevaluationS of the Carcinogenity and mutagenicity of the Group B2 PAHs suggest that there 
are large differences between individual PAHs in cancer potency m w s k i  et aL, 1989). Based on the 
available cancer and mutagenicity data, and assuming that there is a constant relative potency between 
different carcinogens a m s s  different bioassay systems and that the PAHs under consideration have 
similar dose-response awes, Thorslund and Chamley (1988) derived dative potency values for 
several PAHs. A more mnt Toxicity Equivalency Function 
was based only on the induction of lung epidennoid Wcinomas in female Osbome-Mendel rats in the 
lung-implantation experiments (Clement International 1990). The most defensible TEFs and the 
associated oral and inhalation slope factors are presented in Table E.4-4. 

scheme for the Group B2 PAHs 

E.4.3.69 blvchlorinated BiDhenvls 

E.4.3.69.1 Noncancer Toxiciq 
Epidemiologic studies of women in the United States associated oral PCB exposure with low birth 
weight or xetarded musculoskeletal or neurobehavioral development of their infants (ATSDR 1991). 
Oral studies in animals established the liver as the target organ in all species, and the thyroid as an 
additional target organ in the rat. Effects observed in monkeys included gastritis, anemia, chloracne- 
like dermatitis, and immunosuppression Oral treahnent of animals induced developmental effects. 
including retarded neurobehavioral and leaming development in monkeys. Neither subchronic nor 
chronic oral FUD values were located for any of the aroclors. 

Occupational expo- to PCBs was associated with upper respiratory tract and ocular irritation, loss 
of appetite. liver enlargement, increased serum concentrations of liver enzymes, skin irritation, rashes 
and chloracne, and, in heavily exposed female workers, decreased birth weight of their infants 
(ATSDR 1991). Concurrent exposure to other chemicals confounded the interpretation of the 
occupational exposure studies. Laboratory animals exposed by inhalation to Amlor-1254 vapors 
exhibited moderate liver degeneration, decreased body weight gain and slight renal tubular 
degeneration. Neither subchronic nor chronic inhalation R K  values were available. 

Target organs for PCBs include the skin, liver, fetus, and neonate. 

E.4.3.69.2 Carcinogenicity 
The EPA (1993a) classifies the PCBs as EPA cancer weight-of-evidence Group B2 substances 
(probable human carcinogens), based on inadequate data in humans and sufficient data in animals. 
The human data consist of several epidemiologic occupational and accidental oral exposure studies 
with serious limitations, including poorly quantified concentrations of PCBs and durations of exposure, 
and probable exposures to other potential carcinogens. 
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The animal data consist of several oral studies in rats and mice with various m l o r s ,  kanechlors, or 
c!opkm (commercial IC5 dxtures rnanufacW- in the United Staues, Japan and Germany, 
respectively) that reported inmased incidence of liver tumors in both species (EPA 1993a). 

2 

3 

The EPA (1993a) presents a verified oral slope factor of 7.7 per m@g/day for all PCBs based on 
liver tumors in rats treated with Aroclor-1260. 
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E.4.3.70 2-PrO~an0 1 &ODrODV 1 Alcohol) 6 

E.4.3.70.1 Noncancer Toxicity 7 

Inhalation exposure of laboratory animals to high wncentrations of 2-pmpanol induced narcosis 
(ACGIH 1986). Humans exposed to more moderate levels experienced mild initation of the ocular 
and respiratory tract epithelia Neither oral nor inhalation RfD or RfC values were located for 
2-propanoL The principal target organ appears to be the CNS. 
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E.4.3.70.2 Carcinoeenicitv 
There are no data implicating 2-propanol as a carcinogen (ACGIH 1986). 

E.4.3.71 Radium 

E.4.3.71.1 Noncancer Toxicity 
No toxic effects of exposure to radium are documented and EPA has not developed an RfD for 

- 12 

13 

14 

15 

16 

radium; therefore, the health hazard for radium is associated with potential radiocarcinoge& effects. 17 

E.4.3.71.2 Carcinogenicity 
Four isotopes of radium occur naturally, Ra-223 (actinium series), Ra-224 and Ra-228 (thorium series), 
Ra-226 (uranium series); therefore. radium is ubiquitous in the earth's crust and common in 
groundwater, mineral deposits, soil, food products, and common building materials. Ra-226 has the 
longest half-life (1600 years) and decays by alpha particle emission. Fb-223 and Ra-224 are also 
alpha-particle emitters. and Ra-228 is a beta-particle emitter. The primary uses of radium have been 
for manufacturing luminous dials and instrument faces and for internal radiation therapy. Thus, the 
bulk of the human data on effects from intake of radium are available from studies of radium dial 
painters and medical patients administered therapeutic doses of radium. 
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Radium inauced  into the body generates decay products including gaseous isotopes of radon. 
Rn-222 generated in the body persists long enough that it easily diffuses into the bloodstream and 
accumulates in the sinuses of the head, significantly reducing the alpha dose to the radium 
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accumulating tissues but increasing the dose in the sinus regions of the body. Ultimately the bone 
tissues are the principal site of radium accumulation because of the similar chemical behavior of 31 
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radium compared to calcium (National Academy of Sciences [NASI 1988). In the bone tissues the 
radium is initially deposited in endosteal bone surface tissue.  here is then a redishibution to the bone 
volume where the radium resides with a long retention time. 
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B 
Dose Reswnse Data - Human and Animal 
The following discussion of data concerning the health effects of exposure to radium is summarized 
from the report of the Biological Effects of Ionizing Radiation WEIR) IV Committee on radon and 
other alpha emitters (NAS 1988). The epidemiological studies of humans were initially motivated by 
the appearance of cancer and other effects associated with occupational exposures to Ra-224, Ra-226, 
and Ra-228 (radium dial painters). In the dial painting context, there was the potential to ingest 
significant quantities of radium that were known to be harmful. The second most significant study 
group comprised the ankylosing spondylitis patients, who were administered doses of radium solutions 
for therapeutic reasons. The focus of most studies is on bone cancer, cancer of the paranasal sinuses, 
and cancer of the mastoid air cells because the association of these effects with radium exposure is 
well known. 

Although epidemiological investigations have documented the association between radium exposure 
and carcinogenic effects, there has been considerable debate over the dose-response relationship 
involved. Bone cancer incidence has been plotted against a variety of parameters that represent a 
measure of radium exposure such as absorbed dose to the skeleton, pure radium equivalents, and 
cumulative rad-yem @vans 1966). The results indicate a nonlinear relationship fits the data. A 
separate analysis of the same bone cancer induction data confirms the finding of a nonlinear fit (Mays 
and Lloyd 1972). 'Ihe conclusion from both of these analyses is that a linear nonthreshold .relationship 
is likely to significantly overpredict cancer incidence at low doses. Later reassessments present a 
linearquadratic-exponential dose-response relationship (Rowland et al. 1971, 1978% 1978b, 1983) and 
a dependence of incidence on the square of radium intake normalized to body weight (Marshall and 
G a r  1977). 

B 

Two extensive studies of ankylosing spondylitis patients treated in Germany with solutions of Ra-224 
are most noteworthy. In the first, a 900-patient cohort treated with a Ra-224 colloid during the period 
from 1946 to 1951 with a follow-up period for more than 30 years revealed bone cancer incidence 
associated with the high absorbed doses from the therapeutic treatments (Spiess 1969; Spiess and Mays 
1970, 1973). In the second, a cohon of about 1400 patients mated with small doses of Ra-224 for 
ankylosing spondylitis showed a similar association between dose and cancer induction (Spiess 1969; 
Spiess and Mays 1970; Mays 1973). The analyses are consistent with a variety of dose-response 
relationships; however, none could be disproved because of the scatter in the data 
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Cancers of the paranasal sinuses and the mastoid air cells have been associated with exposure to 
Ra-226 and Ra-228 since the 1930s (Martland 1939). These effects were initially seen in the radium 
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dial painters, who received high absorbed doses from the quantities of radium they ingested. Excess 
incidence is quite evident in comparison to the namd incidence, which is very low. After exposure to 
radium, these types of cancers are expressed later than bone cancers (Evans et al 1969; Finkel et al. 
1969; Rowland et al. 1971; Rundo et aL 1986). 

As discussed previously, Rn-222 generated in the body persists long enough that it easily diffuses into 
the bloodmeam and accumulates in the sinuses of the head, significantly increasing the dose in the 
sinus regions of the body. Studies of cancers of the sinuses and mastoid cells conducted in beagle 
dogs injected with a variety of alphaemitting radionuclides reveal excess incidence of these cancers 
(Schlenker 1980). Not all of the tumors were induced by alpha emitters that produce a gaseous decay 
producs therefore, a gaseous decay product is not essential to induction. Nevertheless. the risk of 
these cancers from Ra-226 and its decay products (including Rn-222) is considered significantly 
greater than from other alphaemitting radionuclides. 

The incidence of leukemia and other blood diseases is linked to radium ingested among the radium 
dial painters. Development of anemias and leukopenia (low leukocyte count) has been demonsa'ated 
in the dial painters (Martland 1931). Evans' study (Evans 1966) included leukemia and anemia as 
possible effects of radium accumulation in the body. F*el (Finkel et al. 1969) found cases of 
leukemia and aplastic anemia in studies of the radium dial painters exposed during the period from 
1918 to 1933. Among a cohort of 634 female dial painters first employed before 1930, three deaths 
attributable to leukemia were found (Polednak 1978). This exceeds expectations because the natural 
incidence of leukemia is very low. An epidemiological study of 1285 women employed as dial 
painters before 1930 and 1185 employed between 1930 and 1949 (when radium contamination and 
exposures were much lower) revealed standard mortality ratios of 73 and 221, respectively (Stebbings 
et al. 1984). However, the most comprehensive and definitive study of U.S. dial painters includes al l  
workers employed before 1970 (Spiers et al. 1983). Among the worker cohort of 2940 persons, 10 
cases of leukemia were found. The expected number of ~ t u d  cases for this group would be 9.2 
cases. The study concludes that the incidence in the cohort does not differ significantly from natural 
incidence (Spiers et al. 1983). In summary, the accumulation of very high levels of radium is 
associated with severe anemias and leukemia (NAS 1988). However, at lower levels of accumulation. 
such as those experienced by the majority of U.S. radium dial painters, especially in later years. the 
accumulated radium does not appear to significantly inclease the risk of leukemia (NAS 1988). 

The BEIR IV Committee presents a cancer risk factor of 2OOE-06 per'rad for bone sarcomas from 
protracted exposure to radium in its report on radon and other alpha emitters (NAS 1988). 

. -  

2 l e  

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

19 4 
m 
21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 



FEMp-OlRI4 DRAFf 
October 12,1993 

E.4.3.72 Radon and Pro~env B 1 

E.4.3.72.1 Noncancer Toxicitv 
'Ikre a~ no known toxic effects of exposure to radon gas or its short-lived progeny. However, short- 
lived radon progeny decay to long-lived lead 0) progeny. Because lead is a chemical toxicant, 
significant accumulations of lead would pose a potential source of lead for exposure pathways to 

receptors. 

E.4.3.72.2 Carcinopenicitv 
Exposure to air contaminated with radon gas and associated airborne progeny has been linked to 
increased risk of lung cancer. The risk is amibuted to inhalation of the short-lived progeny of radon 
that axe attached to particulates, which lodge in the lung passages and pmduce a radiation dose that 

causes lung cancer. Radon progeny that do not lodge in the lung passages are exhaled, and do not 
deliver a radiation dose. The induction of lung cancer results when the bronchial epithelium of the 
lung passages is exposed to alpha particles emitted from decaying radon progeny (e.g., Po-214 and 
Po-218) lodged in the lung passages. 

Three isotopes of radon are of potential concern, one associated with each of the three natural decay 
series. Rn-222, Rn-220, and Rn-219 are members of the uranium, thorium, and actinium decay series, 
respectively. Rn-222 (half-life 3.82 days) is the isotope of primary concern because its half-life and 
mobility as an inen gas facilitate its migration to outdoor and indoor areas, thus potentially exposing 
receptors to elevated concentrations of Rn-222 and its short-lived progeny. Rn-220 (half-life 55.6 
seconds) and Rn-219 (half-life 3.96 seconds) are generally of less concern because their very short 
half-lives often result in decay before there is sufficient opportunity for migration of the gas and 
accumulation of elevated quantities where receptors may be exposed. For example, all three isotopes 
of radon may be of concern in air in buildings that contain the appropriate parent radionuclides (in the 
form of surface contamination or drummed material for example). However, Rn-220 and Rn-219 are 
not expected to be released from a source such as the K-65 silos because their shorter half-lives would 
cause them to decay before migrating out of the waste matrix or out of the containment provided by 
the silos. 

D 

Dose Reswnse Data - Human and Animal 
The following discussion regarding the health effects of exposure to radon and radon progeny is 
summarized from the repon of the BEIR IV Committee on radon and other alpha emitters (NAS 
1988). The radiological effect of concern from exposure is lung cancer. 

The lung cancer hazard associated with working in underground mines was first recognized by Harting 
and Hesse in 1879 as a result of autopsy studies of European miners (Harting and Hesse 1879). The 
most important human @pulations studied with regard to radon progeny exposure are the underground D 
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miners exposed to widely differing concentrations of airborne Rn-222 progeny in mines (National 
Council m RxWion Protection urd M-renents fNW] 1984). The lung cancer mortality risk 
estimates for radon progeny exposure published by the BEIR IV Committee (NAS 1988) are based on 
an epidemiological study of these underground miner populations. The assessment of the risk from 
exposure to radon progeny by the BEIR IV Committee replesents the most recent comprehensive 
examination of estimated health risks associated with exposure. 

The BEIR IV Committee relies heavily on data from four principal studies of miners: Ontario 
uranium miners, Saskatchewan uranium miners, Swedish metal miners, and Colorado Plateau uranium 
miners. Underground miners exposed to radon progeny (in the mines) have an increased risk of lung 
cancer as demonstrated in these epidemiological study populations. Animals experimentally exposed 
to airborne radon progeny also develop lung cancers. Animal studies have provided information on 
the dose response relationship and the effects of variation in exposure rate, physical characteristics of 
the lung, and air quality to supplement the information available from the human epidemiological 
studies. Thus, both human epidemiological data and animal experimental data indicate that exposure 
to radon progeny induces lung cancer and describe the relationship between exposure and health effect 
as a function of influencing factors. 

In its study of the human epidemiological data, the BEIR IV Committee has reevaluated the primary 
data (e.g., exposure histories and mortality) for the four principal epidemiological study groups of 
underground miners exposed to radon progeny. From this reevaluation. the BEIR IV Committee has 
developed estimates of the risk of fatal lung cancer. The BEIR IV lifetime risk estimate from lifetime 
exposure to radon progeny is 35a-06 excess fatal lung cancers per cumulative working level month 
0 exposure. The WLM is defined as cumulative exposure to an airborne concentration of shon- 
lived radon progeny (equal to one working level) for a period of one working month. It must be 
noted that this estimate is quantified as fatal lung cancer risk, is based primarily on epidemiological 
studies of humans, and is expressed per unit cumulative exposure to progeny (WLM-l). The EPA 
slope factors address cancer incidence, are based on calculated radiation doses to organs and tissues, 
and are expressed per unit radioactivity intake (pCi”). Thus, the EPA and BEIR IV risk estimates are 
not directly comparable. The EPA cancer slope factors are used for assessments of risk attributable to 
radon and radon progeny exposure. It is also noted that EPA adopted a nominal risk estimate of 
360E-06 per WLM for use in the National Emission Standards for Hazardous Air Pollutants 
-HAP) (EPA 1989a). This estimate is based primarily on EPA’s consideration of the BEIR IV 
assessment; however, EPA did average radon risk estimates derived from BEIR IV and International 
Commission on Radiation Protection (ICRP) models to calculate the estimate of 36OE-06 per WLU 

Althougb the Carcinogenicity of radon progeny is established and the hazards of exposure during 
mining are well recognized, the hazards of exposure in other environments have not yet been 
adequately quantified (NAS 1988). A few exploratory epidemiological studies of lung cancer risk 
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associated with radon progeny exposure in homes have been conducted; however, the results are 
inconclusive and inadequate for the purpose of risk estimation m u  1988). B 
The model developed by the BEIR IV Committee may be used to estimate risks under other 
environmental comiitions to which persons may be routinely exposed; however, it must be recognized 
that the BEIR lV Committee's model is based on epidemiological evaluations of occupational exposure 
conditions in underground mines. Therefore, assumptions must be made regarding the similarity of 
exposed populations, levels of exposure, and factors such as cigarette smoking when using the model 
for nonoccupational conditions such as in indoor home environments and other environmental settings. 

Using the risk factor from the BEIR IV report (NAS 1988) of 35OE-06 WLM-' for lung cancer 
mortality from inhalation of Rn-222 and progeny, and by assuming 51.5 working months 0 per 
year (8760 hdyr divided by 170 hrs workedbonth), 100 pCi radoMiter air, short-lived Rn-222 
progeny present in 50 percent equilibrium, and an inhalation rate of 20 m3 day for 365 days/year. one 
can derive a lung cancer mortality risk factor of 1.2E-11 per pCi. The EPA cancer slope factor from 
the HEAST publication for inhalation of €211-222 plus progeny is 7.E-12 per pCi (EPA 1992b). It 
must be noted that the BEIR IV risk estimate pertains to lung cancer mortality while the EPA cancer 
slope factors all pertain to cancer induction rather than cancer fatality. 
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E.4.3.73 Selenium 

E.4.3.73.1 Noncancer Toxicitv 
Selenium is a nutritionally essential trace element that is an integral part of the enzyme glutathione 
peroxidase and other proteins (Hagberg and Alexander 1986). The National Research Council (1989) 
recommended dietary allowances (RDAs) for humans range from 10 to 75 pg/day. chronic ingestion 
of 5 muday (0.071 mg/kg/day, assuming humans weigh 70 kg) induced selenosis in humans, 
characterized by abnormal hair and nail formation (Hogberg and Alexander 1986). Effects in domestic 
grazing animals exposed to high levels of selenium included emaciation, lameness, and loss of hair and 
hooves. Occupational exposure to selenium fume or various selenium compounds was associated with 
intense ocular and respiratory tract irritation, chemical pneumonia, skin rashes, garlic odor to the 
breath, metallic taste in the mouth, and various socio-psychological effects (ACGIH 1986). The EPA 
(1993a) presented a verified IUD of 0.005 mgjlcgday for chronic oral exposure to selenourca, based on 
effects in humans exposed to selenium in high selenium areas. An uncertainty factor of 3 was used. 
The EPA (1992b) presented the same value as a provisional subchronic oral IUD. The principal target 
organs for oral exposure to selenium iill: the skin, including the nails and hair, and, in animals, the 
hooves and joints. Targets for inhalation or dermal exposure include the skin and mucous membranes 
of the eyes and respiratory tract, and possibly the CNS. 
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Carkinorremcitv 
An impmive body of data indicates that selenium exem iin ~~~carcinogeplic effect (Hogberg and 
Alexander 1986). In laboratory animals, selenium supplementation decreased the incidence of 
chemical-induced cancels. In humans, the incidence of lymphomas and cancers of the breast, digestive 
tract, and lung we= lower in geographic areas with high soil selenium levels. Occupational data 
suggest that selenium may protect against lung cancer. Several animal tests with various deficiencies 
in design and cxmduct equivocally associated exposure to selenium with cancer induction. In a well 
controlled oral experiment, selenium sulfide was associated with an increase in the incidence of liver 
tumors in rats, and with liver and lung tumors in mice. On the basis of this study, EPA (1993a) 
classified selenium sulfide a cancer weight-ofevidence Group B2 compound (probable human 
carcinogen), but declined to derive quantitative risk estimates. Selenium and other selenium 
compounds were classified in cancer weight-of-evidence Group D (not classifiable as to 
carcinogenicity to humans) (EPA 1993a). Quantitative risk estimates are not derived for Group D 
substances. 

E.4.3.74 Silver 
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E.4.3.74.1 Pharmacokinetics 16 

The GI absorption of ingested silver in animals was estimated at S10 percent; however, absorption of 17 

Q 18 percent was estimated for one human subject given silver acewe (Fowler and Nordberg 1986). 

m m w ,  muscle, and skin (Fowler and Nodberg 1986; Goyer 1991). Excretion is virtually entirely 
Highest tissue levels are located in the liver. lower levels are located in the lungs, brain, spleen, bone 19 

m 
thmugh the bile. ?he excretion kinetics appear to be species- and organdependent. In h u h m ,  the 
appamt half-life for silver in the liver is approximately 50 days. Silver in skin also appeared to have 
a long half-life (not quantified). 
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E.4.3.74.2 Noncancer Toxicity 
Silver compounds have been used in dentistry, medicinally in the treatment of bums, as a local 
disinfectant, and as a drinking water disinfectant (Fowler and Nodberg 1986). The classical syndrome 
of toxicity, called argyria, is a blue-gray to nearly black discoloration of areas of the skin or,the 
viscera resulting from deposition of microscopic granules of silver compounds in the affected tissues. 
Argyria results from occupational (inhalation). parenteral, or oral exposure. The EPA (1993a) derived 
an IUD of 3 pg/kg/day for chronic oral exposure, based on an LOAEL for argyria estimated at 5.2 
p@g/day in a person who ingested silver acetate as an %ti-smoking aid for 2 5  years (East et al. 
1980). Data from other cases of argyria involving medicinal (oral and intravenous) treatment were 
considered in this evaluation. An uncertainty factor of two was applied because the critical effect is 
considered to be only minimally severe. 
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E.4.3.74.3 C arcinoeenicity 
'Ibe EPA (1993a) classifies silver in cancer weight-ofevidence Group D (not classifiable as to 
carcinogenicity to humans). The human data consist of no evidence in the literature of cancer despite 
frequent medical use of silver compounds. The animal data a~ limited to studies of implanted silver 
foil or injected metallic silver that provided unconvincing indications of a carcinogenic response 

relevant to humans. 

E.4.3.75 Strontium 
Strontium is a naturally-occurring element that is very similar to calcium in structure. Strontium-90 
(Sr-90) is one of the most common radioisotopes of strontium. Sr-90 is a PUR beta-particle emitter 
that is in equilibrium with its decay product, yttrium-90, also a beta-particle emitter. The half-life of 
Sr-90 is appmximately 29 years. Sr-90 is a product of nuclear fission Much of the Sr-90 in the 
environment is a result of fallout from atmospheric testing of nuclear weapons. The estimated global 
inventory of Sr-90 (as a result of fallout) at the end of 1980 was approximately lE# Ci (United 
National Scientific Committee on the Effects of Atomic Radiation [UNSCEAR] 1982). Since the 
mid-1970s nuclear power reactors and fuel =processing plants have produced a large inventory of 
Sr-90 as a fesult of their operations and waste generation (NCRP 1991). Because of the potential for 
accidents, this source of Sr-90 has become of greater concern than fallout from atmospheric testing. 
Sr-90 sources have been used in medical therapy, polymerization of plastic, synthesis of organic 
compounds, and sterilization of surgical and medical supplies (Menhinick 1966). 

E.4.3.75.1 Pharmaco kinetiq 
Because of strontium's chemical similarity to calcium, the ultimate site of accumulation is bone tissue. 
When strontium is talcen into the body, an average of 30 percent is absodwd from the GI tract (NCRP 
1991). The portion that is absorbed is distributed to either bone volume; plasma, extracellular fluid, 
soft-tissue, and bone surface; or is eliminated from the body. Early studies found that although 
strontium and calcium are chemically similar, biological systems do not use strontium as effectively as 
they do calcium, i.e., the systems discriminate between strontium and calcium. 

E.4.3.75.2 Chemical Toxicity 
Several papers were located in the literature which address the question of noncancer toxicity of 
strontium. Storey (1961) performed an experiment on young and adult rats. He fed young (40 to 60 
g) and adult (200 to 250 g) female rats diets with varying strontium levels. For young rats, the 
strontium doses comqonded to 190,380,750. 1O00, S O O ,  and 3000 mg/kg/day, and for adult rats 
95, 190, 375,750, and 1500 mg/kg/day. Young rats were found to be affected more severely at lower 
dietary strontium levels than were adult rats. In young rats, at 380 mg/lcg/day, the epiphyseal plate 
was irregular and slightly widened; however, at 750 rn@g/day, this plate was severely irregular. 
Changes observed with doses at 380 mg/kg/day and higher were inhibition of calcification, as 
evidenced by increasing width of epiphyseal cartilage, presence of uncalcified bone matrix, and 
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decreased ash weight of bone. In adults rats, the first obvious bone cbange occuned at the 750 
mg/kg/day b s e  level and incl~ded slightly wider than normal epiphyseal cmilage plate that was 
imgularlyincreased in length and width. Based on these d t s ,  an NOAEL of 190 mg/kg/day and 
an LOAEL of 380 mg/kg/day were identified for young rats. For adult rats, an NOAEL of 375 
mglkglday and an LOAEL of 750 mglkg/day were given. 

Marie et. al. (1985) administered stable strontium to male rats. The purpose of the study was to 
determine the effect of low doses of stable strontium on mineral homeostasis and bone histology. The 
authors concluded that an oral dose lower than 633 mg/kg-day did not produce adverse effects on 
body growth or bone mineralization. Rats with a dose of 633 mg/kgday showed signs of increased 
mineralization lag time; excessive osteoid thickness'associated with a decline in the rate of 
calcification, which d t e d  in slow growth rate; and a decreased double-labeled osteoid surface, 
which resulted in defective long bone growth. This study identified an NOAEL of 525 mg/kg/day and 
an LOAEL of 633 mg/kg/day. 

Pertinent data to derive an oral IUD based on the toxicity of stable strontium in humans were not 
located in the available literame. 

E.4.3.75.3 Carcinogenicity 
NCRP Repon No. 110 (1991) cites a number of papers that address the radiocarcinogenicity of 
strontium. These papers were published by different authors and the experiments were conducted in 
different laboratories on different animals such as mice. rats, cats, dogs. and monkeys. The 
experiments have shown that high radiation doses to skeletal tissues from radioactive strontium (Sr-90 
or Sr-89) would produce bone sarcomas, carcinomas of the nasopharynx and head sinuses, squamous 
cell carcinomas in tissues within the mouth, or hematopoietic neoplasia (leukemia) and dysplasia 

There is clear evidence in these experiments that the dosage pattern, the total dose, and the age at 
irradiation can have a significant effect on the outcome of exposure. However, lower doses of 
radiation from Sr-90 produced a very low incidence, or not at all, from this radionuclide (Le., no bone 
sarcomas were seen at individual average skeletal doses in a study conducted on dogs with doses 
between 1 and 18 Gray (Gy). 

There have been no cases of human exposure to Sr-90 on record which would provide direct guidance 
concerning the kinds of effects to be expected or their frequency. Attempts to study effects due to 
Sr-90 present in fallout were beset by two difficulties: (1) No criteria were known that would 
distinguish unambiguously the pathological effects due to Sr-90 from those occurring naturally, (2) 
The excess of incidence to be expected at world-wide fallout levels was so low that only studies on 
very large populations could even potentially yield a statistically significant result Such studies have 
been attempted for humans, but careful evaluation of the statistics confirms the expectation that 
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whatever excess of incidence may be present is masked by variation in incidence among the 
population groups studied, differences in recording data, and normal statistical fluctuations of the data 
for such groups. Thus, no statistically significant ex- of biological effects due to Sr-90 exposure at 
levels characteristic of world-wide fallout has been demonstrated. 

B 

Lacking direct data on humans with Sr-90, one can attempt to estimate hazaxd on the basis of 
experience in man with other f o m  of radiation or on the basis of dose effect relations seen in 
experimental animals exposed to Sr-90. Thus, the observation that bone sarcomas have been produced 
in humans by skeletallydeposited radium and that leukemias have been produced by exposure to x- 

.rays and atomic bomb radiation, suggest that significant skeletal doses from Sr-90 could produce bone 
sarcomas and leukemias in people. 

E.4.3.76 Stvrene 

E.4.3.76.1 Noncancer ToXiciW 
Inhalation exposure of humans to styrene was associated with unspecified unpleasant symptoms and 
neurological impairment (ACGM 1986). Subchronic oral exposure of animals induced liver and 
kidney lesions and hematologic and histopathologic evidence of hemolysis (EPA 1993a). The EPA 
(1993a) presented a verified chronic oral IUD of 0.2 mg/lc&day, based on an NOAEL for eff& on 
erythrocytes and the liver in dogs and an uncertainty factor of 1OOO. The EPA (1992b) presented a 
provisional subchronic RfD of 2 mg/kg/day based on the same NOAEL and an uncertainty factor of 
100. The EPA (1992b) also presented provisional inhalation RfC values of 1 m a 3  for chronic 
exposure and 10 mg/m3 for subchr~nic exposure, based on an NOAEL for CNS effects in humans 
exposed for 8 burs.  An uncertainty factor of 30 was used for derivation of the chronic RfC and an 
uncertainty factor of 10 was used for the subchronic RfC. The chronic and subchronic RfC values are 
equivalent to 0.3 mg/kg/day and 3 mgbdday, respectively, assuming humans inhale 20 m3 of aidday 
and weigh 70 kg. The principal target organs for inhalation exposure to styrene appear to be the CNS. 
Target organs for oral exposure include the liver, kidney, and erythrocyte. 

D 

E.4.3.76.2 Carcinogenicity 
An appropriate cancer weight-of-evidence classification for styrene has not yet been decided by the 
EPA (1992h). Therefore, no classification and no quantitative estimates are presented. 

E.4.3.77 Technetium . 

Technetium (Tc) is a radioactive element, with three isotopes having half-lives of more than 1 year. 
Tc-99 and Tc-96 isotopes are used in medicine and metallurgy. Tc-99 is a betaemitling radionuclide 
that is produced with a high yield during the nuclear fission of U-235 and plutonium-239 (Pu-239). 
Of these, only Tc-99 is of potential concern in operable Unit 1. It is quite mobile in the environment 
and tends to wncentrate in the food chain. B 

11 

12 

13 

14 

15 

16 

17 &i 

18 w 

19 

m 
21 -2 

22 

23 

2 

2!5 

26 

27 

20 

29 

30 

31 

32 

33 

34 



FEMP-OlRI4 D W  
October 12,1993 

l4 E.4.3.77.1 Pharmacokinetics 
T k  haman effects data are primarily b& on expehmtal results €mu volunteer subjects who 
received one dose of either Tc-99 or Tc-96 followed by 8 to 10 days of urine and fecal sampling as 
well as whole-body counting. It is found that fhe technetium accumulates in the bladder within 10 
minutes after an injection. After two hours the technetium is localized primarily in the salivary- 
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6 thyroid glands, stomach liver, and bladder. 

E.4.3.77.2 Noncancer Toxicity 
Of the brief information available on the toxicity of Tc-99, it appears that it is quite toxic to plants. 
Gerber (1989) studied the toxic effects of Tc-99 on rats; he concluded that a critical organ could be 
the thyroid because of its preferential accumulation of technetium. He fed the rats diets containing 10 
pg of Tc-99 per gram of food (10 pug) and 50 pug. It was found that thyroids, followed by 
kidneys, displayed the highest activities. Considerable amounts of technetium were also found in the 
liver, spleen, lung, and panmas; the muscle and brain contained little technetium. The radiation dose 
administered to the thyroid after feeding 10 pg/g of Tc-99 for 13 weeks was estimated at 10 to 20 Gy. 
This dose was believed to be at the borderline where effects of radiation may be expected. Therefore, 
the question of chemical toxicity damage at higher doses of Tc-99 becomes more pronounced. 
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The authors concluded that in view of the large amounts of technetium to which the animals were 
exposed, it is unlikely that technetium could represent a significant nonstochastjc risk to humans under 
any condition imaginable in the context of radiation protection. Earlier studies in rats (Van Bmwaene 
et al. 1986) have demonstrated that damage to the thyroid or reduction in fertility is detectable at a 
concentration of 10 pg of Tc-99 per gram of food, but not a concentration of 1 p\g/g. 
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Coffey and Hayes have studied the radiation dosimetry and chemical toxicity of Tc-99. They injected 22 
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mice via the tail vein with 210 to 360 mg of Na *c 0, per kilogram of body weight, they found that 
the intravenous LDSm dose of Na *c 0, in mice is 240 m a g .  Earlier studies predicted that a 

24 mg/kg would be the extrapolated LDsom for Na * c  0, in humans. Since LDsom is the lethal 
given chemical dose may be about a factor of 10 more toxic in humans than in mice. This means that 

dose to 50 percent of a population in 30 days, it is of course not an acceptable risk for occupational or 
environmental exposures. 28 

Probably no more than 1 percent of the LDsono dose would be an acceptable risk, i.e., 0.24 mg/kg. 

4 percent of the cutrent annual limit intake (ALI) of 4OOO pCi. The authors have concluded that the 

intake of Tc-99. 33 

29 

This is equal to 16.8 mg of Na *c 0, in a 70-kg individual, or 151 pCi of Tc-99, which is less than 10 
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32 chemical toxicity of Tc-99 may be more important than its radiation risk in the event of accidental 
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E.4.3.77.3 Carcinoeenici 
Data on the carcinogenic: of technetium were not located in literature. Gerixzr (1989) studied the 
histology of rats fed with 10 and 50 pug of Tc-99. Of the 24 animals studied, one case of papillary 
adenoma was found after tFeatment With 10 j@g Tc-99. This, of course, is insufficient to prove the 
carcinogenic effect of technetium, and therefore more research is needed to study the cancerous effects 
of technetium. 

D 

E.4.3.78 1.1.2.2-Tetrachlomthane rretrachloroethane) 

E.4.3.78.1 N- 
Chronic oral e x p o m  of laboratory animals to 1,1,2.2-telrachlomthane was associated with liver and 
kidney effects (ATSDR 1989g). Acute occupational exposure to high levels was associated with CNS 
effects; prolonged exposure to more moderate levels was associated with GI disturbances and liver 
damage (ACGIH 1986). Inhalation exposure studies in animals confirm that 1,1.2.2-tetrachloroethane 
is highly hepatotoxic. Neither oral mr inhalation RfD or RfC values were located. The target organs 
for 1 ,1 ,2 ,2- te t rachlom~ are the liver, kidney, and the CNS. 

E.4.3.78.2 $an: inoeenicitv 
Oral mtment with 1.1.2.2-tetrachloroethane induced a highly significant dose-related increase in 
hepatocellular carcinomas in rats (ATSDR 1989g). Occupational data regarding carcinogenicity in 
humans are inadequate. The EPA (1993a) classifies 1,1,2,2-tetrachlomthane as a cancer weight-of- 
evidence Group C compound (possible human carcinogen), based on liver tumors in mice. and derived 
an oral slope factor of 02 per mglkglday. The same data sewe as the basis for an inhalation unit risk 
of 5.8E-05 per m3. which is equivalent to 0.2 per mglkglday, assuming humans inhale 20 m3 of 
air/day and weigh 70 kg. 

E.4.3.79 Tetrachlomethene Wetrachloroethvlene) 

E.4.3.79.1 Noncancer Toxicitv 
Occupational (inhalation and dermal) exposure to tetrachloroethene was associated with neurologic 
effects, beginning with incoordination and progressing to dizziness, headache, vertigo, and 
unconsciousness (ACGM 1986). The EPA (1993a) pwnted  a verified chronic oral FUD for 

gavage study, and on an NOEL for depressed body weight gain in rats in a subchronic drinking water 
study. An uncertainty factor of lo00 was used. The EPA (1992b) presented a provisional subchronic 
oral IUD of 0.1 mg/kg/day based on the same NOEL and an uncertainty factor of 100. The CNS is 
the principal target organ for inhalation exposure and the liver is the principal target organ for oral 

, tetrachloroethene of 0.01 mg/kg/day based on an NOAEL for liver toxicity in mice in a subchronic 

exposure to tetrachloroethene. 
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E.4.3.79.2 Can5nopenicity 
Malatien exposure to temchlomthene kduced momnudear cell leukemia in rats, and inhalation or 
oral exposure induced hepatocellular carcinomas m mice (ATSDR 1988b). Occupational exposure 
data do not suggest a carciflogenic role for tetrachlolroethene in humans (ACGIH 1986). Interpretation 
of the data regarding the carcinogenicity of tetrachloroethene is controversial, and the EPA (1992h) 
has not adopted a final position on the cancer weight-ofevidence classification or quantitative risk 
estimates for temhloroethene. For this reason, the cancer evaluation of tetrachlomthene was 
removed from the 1992 HEAST (EPA 1992b). Currently, EPA believes the weight-of-evidence to be 
on the C-B2 Continuum (possible-probable human carcinogen), and offers slope factors of 0.052 per 
mg/kg/day for oral exposure and 0.002 per mg/kg/day for inhalation exposure as being useful. 

E.4.3.80 Thallium. Soluble Salts 

E.4.3.80.1 Noncancer Toxicity 
Thallium is highly toxic; acute ingestion by humans or laboratory animals induced gasmententis, 
neurological dysfunction, arad renal and liver damage (KazanGs 1986). Chronic ingestion of more 
moderate doses characteristically caused alopecia. Thallium was used medicinally to induce alopecia 
in cases of m o m  of the scalp, sometimes with disastrous results. In industrial (inhalation. oral, 
dermal) exposure, neurologic signs preceded alopecia, suggesting that the nervous system is more 
sensitive than the hair follicle. The P A  (1993a) presented verified chronic oral RfD values for 
several thaUium salts (thallium acetate, thallium c h n a t e ,  thallium chloride, thallium nitrate, and 
thallium sulfate) based on increased incidence of alopecia and increased serum levels of liver enzymes 
indicative of hepatocellular damage in rats treated with thallium sulfate for 90 days. An oral IUD for 
thallium alone, however, was not located. Target organs for thallium include the GI tract (acute 
exposure), nervous system, skin. kidney, and liver. 

E.4.3.80.2 Carcinogenicity 
Several thallium compounds (thallium oxide, thallium acetate, thallium carbonate. thallium chloride, 
thallium nitrate, thallium sulfate) were classified as cancer weight-of-evidence Group D substances (not 
classifiable as to carcinogenicity to humans) (EPA 1993a). No weight-ofevidence classification was 

located for thallium alone. 

E.4.3.81 Thorium 

E.4.3.8 1.1 Noncancer Toxicitv 
No toxic effects of exposure to thorium are documented and EPA has not developed an IUD for 
thorium; therefore, tfie health hazard for thorium is associated with potential radiocarcinogenic effects. 
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E.4.3.82.2 Carcinopenici 1 B Natural thorium is p ~ s e z i n  tfie earth's a t  as a primordial element. The Th-232 isotope accounts 2 

3 

4 

5 

6 

for approximately 100 percent of the mass abundance of thorium; however, the radioactivities of other 
isotopes of thorium exist as members of the three natural decay series. The half-life of Th-232 is very 
long (approximately 10'' years), thus the specific activity is relatively low and the rate of decay is 
slow. Th-232 decays by alpha particle emission as do most of the progeny in the thorium natural 
decay series. 7 

Thorium has been used historically as a medical imaging agent because it is a heavy atom that 
provides contrast in radiographic imaging techniques. In this role thorium has been used commercially 
as Thorotrast, a 25 percent colloidal solution of thorium dioxide. Thorotrast has been used extensively 
in the U.S., Europe, and Japan as an intravascular contrast agent for cerebral and limb angiography. 
Thorotrast has also been injected into the spleen for hepatolienography and into nasal and paranasal 
sinuses. These uses of Thorotrast result in deposition of the thorium (and subsequent decay products) 
in tissues and organs of the body, most frecluently in the reticuloendothelial tissues in bone (NAS 
1988). Once deposited in these tissues, alpha panicle emissions from the decay of Th-232 and its 
progeny irradiate the tissues for long periods of time at low dose rates. The following discussion of 
the study of health effects from exposure to thorium is summarized from the report of the BER IV 
Committee on radon and other alpha emitters (NAS 1988). 

Dose Reswnse Data - Human 
The human data on health effects of exposure to thorium are primarily based on epidemiological 
studies of Thororn patients in five studies including German patients, Portuguese patients; Japanese 
patients, Danish patients, and American patients. In the study of German Thorotrast patients (van 
Kaick et al. 1978% 1978b. 1983, 1984a. 1984b. 1986) 5159 patients and 5151 controls were followed 
from 1933 and 1935, respectively. The Thorotrast patients underwent intravascular injections of 
Thorotrast to enhance the imaging of cerebral and limb angiography. The results of the follow-up 
analysis indicate an excess of malignant cancers, most notably liver cancers and leukemias, among the 
patients relative to the controls. 
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The study of Portuguese Thorotrast patients (Abbatt 1973; da Mom et al. 1979; Horta et al. 1978) 
involves about 2500 patients and 2000 controls with a follow-up period of about 30 years. The 
patients were exposed to Thorotrast during the period from 1929 to 1955, with roughly 60 percent 
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receiving Thorotrast doses for cerebral angiography. The results of the study show a significant excess 
of malignant cancer deaths among the patients compared to the control group. Particularly notable are 
the excess patient liver malignancies compared to the controls. 

The study of Japanese Thorotrast patients (Kato et al. 1979, 1983; M o n  et al. 1979a, 1979b, 1983, 
1986) includes 282 patients who were administered Thorotmt for angiography and hepatolienography 
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during World War II. The follow-up period spans 38 to 46 years, and results reveal that patient 
mortality h m  maligmnt liver cancers, 0th m a l i g a i  cancem, blood diseases. mG ciMosts of tiie 
liver is significantly higher than in the control p u p .  

The study of Danish Thomtrast patients (Faber 1973, 1977, 1978, 1979, 1983, 1986) involves 
1319 Danes injected with Thorotrast during the period from 1935 to 1946. The epidemiological 
analysis reveals excess GI malignancies, liver malignancies, malignancies of the lung, and leukemia 
deaths in patients compared to control individuals. The excess of liver malignancies and leukemias is 
most notable in the study. 

The study of American Thorotrast patients Walk et al. 1979) is a preliminary epidemiological 
assessment of Thorotrast patients exposed during the period from 1964 to 1976. All patients had 
received Thorotrast for either hepatolienography or cerebral angiography. A liver cancer incidence is 
evident in the investigation and is reportedly continuing to increase. Further follow-up of these 
individuals is needed. 

All five of these human epidemiological studies indicate an excess of malignant cancets among the 
Thorotrast patients compared to the controls. The excess malignancies are predominantly of the liver 
and blood (leukemia) types. 

Estimation of Excess Risk from Thorotrast Administration 
The human epidemiological evidence from studies of the Thomtrast patients represents the primary . 
source of data from which an estimate of risk can be derived (NAS 1988). These data can'be used to 

derive estimates of risk for liver cancer and leukemia; however, such estimates would only strictly 
apply to conditions of intravascular Thorouast.injection The BEIR IV repon derives a risk estimate 
of up to WE-06  per rad of alpha particle radiation to the liver, and emphasizes that these estimates 
are for Thomuast. not thorium. The emphasis is because the dosimetry of other isotopes of thorium 
will differ from that of the Th-232 in the Thomtrast colloid form. The BEIR IV report also derives a 
risk estimate of up to 60E-06 per rad of alpha radiation to bone marmw for leukemia, and a value of 
up to 120E-06 per rad alpha radiation to the skeleton without m m w  for bone cancer (NAS 1988). 

Dose Reswnse Data - Animal 
Experimental studies of animals administered modified Thorotrast solutions have provided insight 
concerning the possible influence on carcinogenicity of Thorotrast in humans from a "foreign body 
effect" (from the colloid solution), or a toxicological effect of the thorium in addition to a radiation 
dose effect. Studies in mice have been performed using Thorotrast solutions fortified with Th-230 to 
increase the .specific activity of alpha emissions delivering radiation dose to tissues, conventional 
Thorotrast. and zirconium dioxide solution (Zirconotrast). There was no evidence of increased 
carcinogenicity of Thorotrast relative to Zirconotrast (Bensted 1967). Rabbits injected with Th-230 
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enriched Thorotfast revealed a shortened latency period (Faber 1973) associated with the higher 
specific activity solution.  he metabolic distribution of Thorotrast and other colloid solutions has been 
examined in mice, rabbits, rats, and dogs including zirconium and hafnium dioxide colloids. The 
organ distribution of the Thorotrast and associated progeny in these animals was found to be 
comparable to that in humans (Riedel et al. 1979, 1983). The other colloids failed to reveal 
significantly different effects attributable to their distributions compared to the Thorotrast (Riedel et al. 
1979, 1983). 

D 

A study of dose response and whether a foreign body effect occurs was conducted by administering 
different Th-230 enrichments of Thorotrast (causing variation in dose rate) and by administering 
different volumes of Thorotrast (dilutions maintaining constant dose rate) to rats (Wesch et al. 1973, 
1983). Results of frequency of cancers followed a linear dependence with dose rate; however, 
variation of the volume of Thorotrast administered did not cornlate with frequency of induction. 
Although cancer risk did not increase with volume of Thorotrast at a constant dose rate, the latent 
period was shonened (Wesch et al. 1973, 1983). 

Additional studies in rats involved injection with Zirconohat enriched with Th-228. Cancer induction 
in the animals was elevated and the cancers induced were similar to those induced in humans by 
Thorotrast (Wesch 1986). The frequency of cancer induction was dose rate dependent and the 
Zirconotrast without Th-228 did not induce excess cancers (Wesch 1986). B 
In summary, the animal experimental evidence indicates that Thorotrast induces cancers as a result of 
the radiation dose delivered by the solution. The physical presence of p d c l e s  in the colloid solution 
and the chemical effect of the thorium are not likely to influence the induction of cancer (NAS 1988). 

E.4.3.82 lnoreanic Tin 

E.4.3.82.1 Pharmacokinetics 
Estimates of the gastrointestinal absorption efficiency of tin in humans and animals range from 
0.6 percent to 5 percent (Magos 1986). The data suggest that tin in the +2 valence state is moTe 
readily absorbed than tin in the +4 valence state. Species differences in gasmintestinal absorption 
appear to be slight. Absorption efficiency appears to be somewhat greater when the administered dose 
is smaller. From these data, it appean that an estimate of 5 percent (0.05) is a reasonable estimate of 
gastminteshal absorption efficiency. Data regarding Cennal uptake of tin were not located. 

E.4.3.82.2 Noncancer Toxicity 
Indusaial (inhalation) exposure to tin dust results in a benign pneumoconiosis called stannosis (Magos 
1986). Acute oral exposure causes gastroenteritis (nausea and dianhea) in humans. Other effects in 
animals include anemia, interference with calcium metabolism, and liver and kidney lesions. A B 
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chronic oral IUD of 0.66 mg/kgday was based on a NOAEL for liver and kidney lesions of 2000 ppm 
stanmw chloride h ?he &et in e tw0-ya.r m d y  in r&s @PA 1992b). h uncertainty fixtor G: 100 
was applied. The chronic oral IUD was considered sufficiently protective for subchronic exposure as 
well. 

E.4.3.82.3 Camno eenicity 
Data regarding the carcinogenicity of tin were not located in the available literature. 

E.4.3.83 Toluene 

E.4.3.83.1 Noncancer Toxicity 
In a subchronic gavage study. high doses of toluene induced slight changes in liver and kidney weights 
in rats (EPA 1993a). Inhalation exposure of laboratory animals or humans was associated primarily 
with CNS depression (ATSDR 1989h). Recent developmental toxicity studies in animals suggest that 
the fetus or offspring may be unusually sensitive to effects on the developing nervous system. The 
EPA (1993a) presented a verified chronic oral RfD for toluene of 0.2 m@g/day based on an NOAEL 
for changes in liver and kidney weights in rats in a 13-week gavage study and an uncertainty factor of 
1OOO. A provisional subchronic oral RfD of 2 mg/kg/day was based on the same NOAEL and an 
uncertainty factor of 100 (EPA 1992b). The EPA (1993a) presented a verified chronic inhalation RfC 
of 0.4 mg/m3 based on an LOAEL for neurological effects in occupationally exposed humans and.an 
uncertainty factor of 300. The EPA (1992b) presented a provisional subchronic inhalation RfC of 2 
mg/m3, based on an NOAEL for CNS effects and mucosal irritation in humans and an uncertainty 
factor of 100. The chronic inhalation R K  is equivalent to 0.1 mg/kg/day, assuming hum& inhale 20 
m3 of air/day and weigh 70 kg. Similarly estimated. the subchronic inhalation Rfc is equivalent to 0.6 
mg/kg/day. 

E.4.3.83.2 Carcinogenicitv 
Toluene is classified as a cancer weight-ofevidence Group D compound (not classifiable as to 
carcinogenicity to humans), based on no human data and inadequate animal data (EPA 1993a). 
Quantitative risk estimates are not derived for Group D substances. 

E.4.3.84 Tributvl Phosohate 

E.4.3.84.1 Noncancer Toxicity 
Tributyl phosphate exhibits rather low acute oral toxicity; the oral singledose LDSom in rats was 
3000 m a g  (ACGM 1986). The compound is a weak cholinesterase inhibitor and induces paralysis 
and anesthesia, as well as lung edema, when given orally or parenterally (ACGIH 1986; Sandmeyer 
and Kirwin 1981). Irritation of the skin and mucous membranes and lung edema results from 
inhalation exposure. Occupational exposure to 15 mg/m3 was associated with headache and  MUS^^. 
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E.4.3.84.2 CarcinOtzenici 
Data were not located regw* the carcinogenicity of aibutyl phosphate. However, the compound 
was negative for mutagenicity in Salmonella and Droso~hila. 

D 
E.4.3.85 1.1.1-Tnchloroethane 

E.4.3.85.1 Noncancer Toxicity 
The toxicity of oral exposure to 1,l.l-nichloroehane is low (ACGM 1986). Chronic ingestion by 
laboratory animals reduced growth rate, but produced little pathology in internal organs 
(ATSDR 1990). Acute inhalation exposure of humans or animals to high levels induced death due to 
narcosis or cardiac sensitization (ACGIH 1986). Occupational exposure was not associated with 
systemic effects. The EPA (1992b) presented a provisional chronic oral RfD for 1 ,l , 1 -trichlomethane 
of 0.09 m@g/day based on an NOAEL for slight growth retardation in guinea pigs in subchronic 
intermittent exposure inhalation studies and an uncertainty factor of 1OOO. A provisional subchronic 
oral F2fD of 0.9 mg/kg/day was based on the same NOAEL and an uncertainty factor of 100. A provi- 
sional chronic inhalation RfC of 1 mg/m3 was derived from the same NOAEL and an uncertainty 
factor of 1ooO. The provisional subchronic inhalation RfC, based on the same NOAEL and an 
uncertainty factor of 100, was 10 m e 3 .  The chronic and subchronic inhalation RfC values are 
equivalent to 0.3 and 3 mg(kg/day, respectively, assuming humans inhale 20 m3 of air/day and weigh 
70 kg. Target organs for inhalation exposure to 1.1.1-Uichloroethane are the CNS and heart. D 
E.4.3.85.2 Carcinogenicity 
The EPA (1993a) classifies l,l,l-nichloroetha.ne as a cancer weight-of-evidence Group D cbmpound 
(not classifiable as to carcinogenicity to humans). There are no reported human cancer data, and 
animal studies (78-week gavage studies in rats and mice, and a 12-month inhalation study in rats) were 
inadequate to determine the carcinogenicity of 1,1,1-trichloroethane in animals. Quantitative cancer 
risk estimates are not derived for Group D compounds. 

E.4.3.86 Trichlomthene 

E.4.3.86.1 Noncancer Toxicity 
Little is known about the toxicity of prolonged oral exposure to Uichloroethene. Acute inhalation 
exposure to high levels induced anesthesia, tachypnea, and ventricular antrythmias (ACGIH 1986). 
Occupational exposure was associated with headache, dizziness, lassitude, and other CNS effects. 
Prolonged inhalation exposure of animals affected the liver and kidneys. Neither oral nor inhalation 
RfD or RfC values were located for nichlomethene. The principal target organs for trichlomethene are 
the CNS and heart, and, to a lesser extent, the liver and kidney. 
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E.4.3.86.2 Carcinogemcity 
Cminogenicity midies in laboratory animals showed i n c h  incidence of hepatoceiidar carcinomas 
(gavage exposure) and malignant lymphomas (inhalation exposure) in mice and increased incidence of 
renal adenocarcinomas m male rats (gavage) (EPA 1988d). Cancer studies in humans were 
inadequate. Interpretation of the data regarding the wcinogenicity of trichloroethene is controversial, 
and the EPA (1992h) has not adopted a final position on a cancer weight-of-evidence classification or 
quantitative risk estimates for trichloroethene. For this reason, trichloroethene was removed from the 
IRIS and the 1992 HEAST (EPA 1 m b ) .  Currently. EPA believes the weight-ofevidence to be on 
the C-B2 continuum (possible-probable human wcinogen), and offers slope factors of 0.011 per 
mg/ltg/day for oral exposure and 0.006 per mg/kg/day for inhalation exposure as being useful. 

E.4.3.87 Tnchlomfluoromethane 

E.4.3.87.1 Noncancer Toxicity 
One study reported no effects in rats and dogs exposed to levels equivalent to doses somewhat higher 
than those in the NCI (1978) gavage study (Leuschner et al. 1983). These concentrations of 
aichlorofluoromethane induced mild narcosis and transient cardiac sensitization (ACGIH 1986). 
Provisional chronic and subchronic inhalation RfC values of 0.7 and 7 mghn3, respectively, were 
derived from an LOAEL for impaired kidney function and pulmonary inflammation in dogs 
continuously exposed to trichlorofluoromethane in air for 90 days. Uncertainty factors of 1O.OOO and 
lo00 were used for the chronic and subchronic inhalation RfC values, respectively. The chronic and 
subchronic RfC values are equivalent to 0.2 and 2 mgkg/day. respectively, assuming humans inhale 
20 m3 of air/day and weigh 70 kg. 
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A dose of 2.5 mukg (3700 m a g .  assuming a density of 1.494 g/mL [Budavari 19891) produced 22’ 

neither fatalities not liver necrosis in rats. 23 

The EPA (1993a) derived a verified chronic oral RfD of 0.3 mg/kg/day from the LOAEL for reduced 
survival of 349 mg/kg/day. This 78-week gavage study in rats and mice was associated with 
decreased survival in both species, even at the lowest dose tested (349 mg/kg/day) (NCI 1978). The 
cause of death was not ascertained, but pleuritis and pericarditis were observed in some of the treated 

rats. An uncertainty factor of loo0 was applied when calculating the RFD; factors of 10 each for 
inter- and intraspecies variation, and to estimate an NOAEL from an LOAEL. A provisional 
subchmnic oral RfD of 0.7 mglkglday was based on an LOAEL for decreased body weights in a 
6-week gavage study in rats and an uncertainty factor of lo00 (EPA 1992b). Target organs for 
trichlorofluoromethane include the CNS. heart, and kidney. 
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E.4.3.87.2 Carcinogemci 1 

humans (EPA 1993a). 3 

D Trichlorofluommethane 2 not yet been reviewed by the EPA for evidence of carcinogenicity to 2 

E.4.3.88 1.1.2-Tnchlo~o-l2.2-aifluoroethane 

E.4.3.88.1 Noncancer Toxicitv 
The acute oral toxicity of 1,1,2-trichloro-l~,2-trifluoroethane is low (ACGIH 1986). Occupational 
exposure to moderate levels was not associated with adverse effects, although acute exposure to 
grossly high levels was implicated in several dry-cleaning fatalities. CNS effects were observed in 
humans exposed to high levels. Inhalation exposure to very high levels in animals sensitized the heart 
to epinephrine, resulting in serious cardiac amhythmia. The EPA (1993a) presented a verified c h N c  
oral IUD of 30 rngbglday based on an NOAEL from an occupational study and an uncertainty factor 
of 10. The EPA (1992b) presented a provisional subchnic oral IUD of 3 mglkglday, based on an 
NOEL in an inhalation study in rats and an uncertainty factor of 100. It is clear that the provisional 
subchronic oral IUD is inappropriate because it implies that the toxic potency of subchnic exposure 
is greater than the toxic potency of chronic exposure. For this reason, the chronic oral IUD of 30 
mg/kg/day is adopted as sufficiently protective for subchronic exposure. The EPA (1992b) also 
presented 27 mgb3  as a provisional subchnic and chronic inhalation R E ,  based on the rat 
inhalation data arad an uncertainty factor of 100. The inhalation RfC is equivalent to 8 mg/lcg/day, 
assuming an inhalation rate of 20 m3/day and a body weight of 70 kg for humans. Target organs for 
inhalation exposure to l,l~-trichloro-1,22-trifluo~th~ are the CNS and the heart. 

B 

E.4.3.88.2 Carcinoprenicitv 
There were no reports of carcinogenicity associated with 1,1.2-trichloro-1~,2-trifluoroethane 
(ACGIH 1986). 

E.4.3.89 2 A .5-Trichloro~henol 

E.4.3.89.1 Pharmacokinetics 
Data regarding the pharmacokinetics of 2,4,5-Uichlorophenol were not located in the available 
literature. The log Qw of 3.69 for 2,4,6-trichloropheno1, a structurally similar compound (Howard 
1989). suggests that 2.43-trichlorophenol is probably strongly lipophilic, and that it would be absorbed 
from the gastrointestinal tract and through the skin. Default values for absolption efficiency of 0.9 for 
g a s t r o h ~  absorption and 0.3 for dermal uptake from soil (EPA 19934) appear to be reasonable. 

E.4.3.89.2 Noncancer Effects 
A chronic oral IUD of 0.1 mg/kgday is based on a NOEL for liver and kidney effects in a subchronic 
study in rats (EPA 19931). Aq uncertainty factor of lo00 was applied; factors of 10 each to expand B . .  
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from subchronic to chronic exposure, to extrapolate from animals to humans, and to account for the 
range of vari&Uy in hman  sensitivity. The s u k h n i c  oral afi, of 1.0 mag-day was based on ihe 
same study and an uncerrainty factor of 100 @PA 1992b). The data were insuffcient for derivation of 
a toxicity value for inhalation exposure. 

E.4.3.89.3 Carchopemcity 
Data were not located regarding the Carcinogenicity of 2,4,5-trichlorophenol. 2,4,6-Trichlorophenol, 
which is structurally similar to 2,4.5-trichlorophenol, is considered a probable human carcinogen (EPA 

weight-of-evidence Group B2) based on increased incidence of lymphomas or leukemias in male rats 
and hepatocellular adenomas of carcinomas in male and female mice (EPA 1993a). 

E.4.3.90 Uranium 

E.4.3.90.1 Noncancer Toxicitv 
The only chemical toxicity effect in humans unequivocally attributed to soluble uranium salts is kidney 
damage, involving the proximal convoluted tubule, and manifested initially as albuminuria and 
increased urinary catalase (Berlin and Rudell, 1986). Rabbits were more sensitive than dogs or rats. 
Treafment of rabbits and dogs with soluble ufanium salts also induced neurologic signs and 
pathological changes of the nervous system. EPA (1993a) presented a verified IUD of 0.003 
mg/kg/day for chronic oral exposure to soluble uranium salts. The basis was an LOAEL for kidney 
damage in rabbits treated with uranyl nitrate hexahydrate in the diet for 30 days, and an uncertainty 
factor of 1ooO. A subchronic oral IUD was not located. The principal target organ for the chemical 
toxicity of soluble salts of uranium is the kidney; the CNS may be an additional target organ. 

E.4.3.90.2 Carcinoeenicity 
Uranium can induce cancer as a result of intake into the body through inhalation or ingestion 
pathways. The induction of cancer results when organs and tissues of the body are exposed to alpha 
particles emitted from decaying uranium atoms. Alpha particles are energetic emissions that cause 
molecular ionizations in a very dense pattern along a short path through matter. The effect of an alpha 
particle is highly localized due to the short path length traveled (low penetrability) and the ability of 
the particle to produce many ionizations. The ionization events cause biological damage that is 
believed to be responsible for inducing cells to become cancerous. Although other energetic emissions 
from radioactive decay of atoms (such as beta particles and gamma rays) also cause molecular 
ionizations, these radiations do not produce the density of ionizations that alpha particles produce. 
The dense pattern of ionizations caused by alpha particles and the low penetrability of alpha particles 
are the factors that determine ulanium is an internal exposure hazard. Alpha particles are not an 
extemal exposure hazard because they do not penetrate sensitive tissues from outside the body. The 
outer layers of the skin stop the alpha panicles before they can penetrate to and damage sensitive 
tissues of inner layers. 
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The type of uranium (e.g. natural, enriched, depleted) under consideration is important because 
different types of uranium have different specific activities (the amount of radioactivity per unit mass). 
The magnitude of the specific activity of the uranium reflects the number of alpha particles emitted per 
unit mass. This has a dilect impact on the magnitude of the radiological dose delivered internally after 
the uranium enters the body. Naturally-occurring uranium and uranium processed from natural 
uranium is a mixture of U-234, U-235, and U-238. The difference between natural, enriched, and 
depleted uranium is defined by the percent U-235 mass enrichment The higher the U-235 enrichment, 
the higher the specific activity of the mixture. 

B 

The following discussion of human data concerning health effects of uranium exposure is summarized 
from the report of the BEIR IV Committee on radon and other alpha emitters (NAS 1988). 
Convincing epidemiological evidence of uranium-induced radiocarcinogenic effects in humans is 
difficult to obtain. Available epidemiological evidence comes from studies of workers involved in 
uranium mining and milling operations. It has been noted for some time that uranium workers axe at 
risk of increased cancer mortality; however, inhalation of a i b m e  radon progeny rather than uranium 
particulates is considered the predominant source of radiation damage to the respiratory tract in 
uranium miners. Simultaneous exposures to radon progeny and other elements present in uranium ore 
are considered confounding factors in studies of uranium miners intended to specifically examine the 
radiological effects of exposure to uranium. 

Risk estimation for exposure to uranium is based heavily on the carcinogenic effects of other alpha- 
emitting radionuclides and animal experiments involving exposure to uranium. Available human 
epidemiological studies are discussed as follows. 

D 

Epidemiological surveys of uranium workers began in the United States in 1950 (Miller et al. 1956) 
and reports of increased cancer risk among uranium millers in Europe first began in 1959 (Rockstroh 
1959). In contrast, other studies have indicated that there is little evidence of a health hazard to 
workers in the uranium processing industry (Ely 1959). The BEIR IV report (NAS 1988) cautions that 
the validity of epidemiological studies on effects of uranium must be considered in the context of the 
power or ability of the studies to detect an effect if one existed. This question is important with 
regard to all of the available epidemiological studies on uranium effects. 

An early US. Public Health Service study of uranium miners and millers in the Colorado Plateau 
reported no increase in mortality in the cohort of uraniiun millers studied (Wagoner et al. 1964). A 
more detailed study with longer follow-up of the same cohort was performed (Archer et al. 1973). 
The number of deaths available for analysis was almost equal to the expected number of deaths 
determined among controls. Interpretation of the results is complicated by the fact that exposure data 
are not available. the excess cases include three diagnostic categories, precautions taken to exclude 
individuals with underground mining exposure through previous employment were not stated, and the D 
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analysis was not performed in relation to the length of exposure. The study does not provide strong 
evidence that 1~rmium has 9 specific effect because of the w& epidemiological p+cr of the study. 

Studies of uranium workers exposed to enriched uranium have been performed. A study of workers at 
the enrichment facility in Oak Ridge between 1943 and 1947 indicated that the mortality of the study 
cohort was not increased for lung cancer, bone cancer, or nephrotoxic disorders (Polednak and Frome 
1986). This study is weakened by the fact that it is based on exposures of short duration (typically 1 
to 2 years), which does not pmide conclusive evidence concerning health effects from long-term 
(chronic) exposure. Subsequent study of a cohort from the same population was performed to examine 
lung cancer risk from inhalation exposure of uranium dust (Cookfair et al. 1983). The results indicate 
an increased risk among the group of workers hired at an age over 45, and the magnitude of the 
increase was greater for higher exposures. 

A retrospective study of uranium mill workers from the Colorado Plateau was conducted to examine 
the health risks of uranium exposure in the absence of uranium mining (Waxweiler et al. 1983). The 
findings of the study were not statistically significant and are mitigated by the small number of deaths 
available for workers employed for at least five years. The results did not reveal an increase in lung 
cancer deaths and did not conclusively demonstrate an increased nephrotoxic effect. 

The available epidemiological studies fail to conclusively demonstrate health effects from chronic 
exposure to uranium dust involved in uranium mining and milling operations. However, it is not 
necessarily concluded that the epidemiological data conclusively demonstrate the absence of effect. 
This is because the power of the studies is limited, weakened by short worker exposure durations. 
inadequate estimates of uranium exposures, and insufficient worker follow-up time to adequately 
evaluate long-term effects. 

In conclusion, chronic exposure to uranium should be controlled on the basis of nephrotoxicity more 
than by radiocarcinogenicity from alpha particle emissions (NAS 1988). Quantification of the risk 
from chronic exposure to uranium alpha particles cannot be determined from published 
epidemiological studies because of confounding factors and the limited power of the studies to detect 
increased rates of cancer incidence or mortality WAS 1988). Therefore. the BEIR IV Committee 
presents a risk estimate for uranium based on the wcinogenic effects of other alphaemitting 
radionuclides and animal experiments involving exposure to uranium. The most probable radiogenic 
effect is an increase in bone sarcomas. The likelihood of sarcomas from exposure to naturally- 
occuning uranium is considered low and only demonstratable if a linear dose-response relationship is 
assumed (Mays et al. 1985). If the dose-response relationship is quadratic, then virtually no effect 
would be expected from naturally-occumng uranium. Assuming a linear dose-response relationship 
and a constant nonoccupational uranium intake of 1 pCi/day the risk of bone sarcoma induction over a 
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Lifetime is estimated to be 1.5 bone sarcomas per million persons (1.5E-06) (Mays et al. 1985). This 
is com- to a natural incidence of 750 bone sarcomas in the absence of excess exposure. B 
Assuming a constant nonoccupational uranium intake rate of 1 pCi/day, an exposure frequency of 365 
days/year, and a lifetime of 70 years, a lifetime intake of uranium of nearly 26,000 pCi is calculated. 
Using the risk factor from Mays (Mays et al. 1985) and dividing by the calculated lifetime intake, one 
can derive a risk factor of 5.9E-11 per pCi. Comparison of th is  risk factor with the cancer slope 
factors from HEAST for ingestion of U-234, U-235, and U-238 indicates that the ratios of the HEAST 
values to the former value are 2.4, 2.2, and 2.2, respectively. 

The following discussion of experimental animal data concerning health effects of uranium exposure is 
summarized from the report of the BEIR IV Committee on radon and orher alpha emitters (NAS 
1988). The effect of bone cancer induction is addressed first, followed by the effect of lung cancer 
induction 

The discussion involving human epidemiological evidence identified the bone surfaces as the most 
probable target tissue for exposure to uranium and bone sarwma as the carcinogenic effect of concern. 
Radiocarcinogenic effects including bone sarwma and head carcinoma have also been observed in 
animals and humans from exposure to isotopes of radium, and studies involving exposure of mice to 
high specific activity U-232 and U-233 also reveal an increase in bone sarcomas. Soviet researchers 
have demonstrated that highly enriched uranium, which has a high specific activity, induces bone 
sarcomas in rats. These results indicate that intake of high specific activity, alpha-particle-emitting 
radionuclides increases the risk of these cancers in animals. It would be reasonable to expect high 
specific activity uranium to induce bone sarcomas in humans; however, the likelihood that low specific 
activity, naturally-occurring uranium induces bone sarcomas is low. 

b 

The discussion of human epidemiological evidence states that an estimate of the excess risk of bone 
sarcoma in humans from chronic ingestion of uranium has been developed (Mays et al. 1985). This 
risk estimate is based on a linear dose-response relationship for Ra-226. Therefore, it is assumed that 
the response to alpha particles from uranium exposure is similar to the response to alpha particles from 
Ra-226. This assumption is dependent in part on the metabolic behavior of uranium relative to 
radium. There is evidence indicating that uranium seeks bone tissue in a manner similar but not 
identical to that of radium. Uranium-233 administered to beagle dogs has been shown to initially 
deposit nonuniformly on bone surfaces; however, redistribution occurs (within approximately one year) 
to produce a distribution through the bone volume that is similar to the distribution of radium (Stevens 
et al. 1980). Distribution of uranium throughout the bone volume in dogs has also been reported by 
Rowland and Famham (1969) and Bmenger (personal communication with BEIR IV Committee, 1986 

. not available in bibliography). 
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nK induction of malignant tumors in the lung is of concern for exposure to uranium by inhalation. 
.4s previously discussed, uranim emits alpha particles, which can depsit a Mghly localized radiation 
dose to sensitive tissues in the passages of the respiratory tract if particulate uranium is deposited in 
those passageways. The effects of inhalation of insoluble forms of uranium have been studied in rats, 
dogs, and monkeys for both short and prolonged exposure scenarios (Leach et al. 1970, 1973). 
Affected sites for insoluble forms of uranium are the tissues of the lung and the pulmonary lymph 
nodes. chronic inhalation of uranium in these studies produced fibrosis of lung tissue and induction 
of malignant lung tumors. Data from those inhalation studies that involved dogs have been reanalyzed 
(Durbin and Wrenn 1975). leading to the conclusion that neoplastic changes (tumor induction) began 
in epithelial cells of the lungs in 21 percent of the dogs after a cumulative lung dose of 160 rads. 

Another study involving exposure of rats to U-232 and U-233 (as uranyl nitrate) by inhalation reveals 
an increase in malignant lung tumors and bone sarcomas (Ballou et al. 1980). However, the 
significancx of the bone sarcomas (osteosarcomas) is questionable because the rats exposed to control 
aerosols also developed these tumors. The osteosarcomas are not statistically significant because of 
their appearance in the control rats. The results of this study of high specific activity U-232 and 
U-233 labeled uranyl nitrate can lead to the reasonable expectation that such exposure can induce 
malignant lung tumors in humans. However, the findings of this work do not provide the data needed 
to convincingly extrapolate a risk coefficient for human exposure. 

E.4.3.91 Vanadium 

E.4.3.91.1 Noncancer Toxicitv 
The oral toxicity of vanadium compounds to humans is very low (Lagelkvist et al. 1986), probably 
because little vanadium is a b s o M  from the GI tract. Effects in humans exposed by inhalation 
include upper and lower respiratory tract irritation. A provisional subchronic and chronic oral IUD of 
0.007 mg/kg/day was derived from an NOEL in rats in a lifetime drinking water study with vanadyl 
sulfate and an uncertainty factor of 100 (EPA 1992b). A target organ could not be identified for oral 
exposure. The respiratory tract is the target organ for inhalation exposure. 

E.4.3.91.2 Carcinogenicitv 
No information was located regarding the carcinogenicity of vanadium. 

E.4.3.92 Vinyl Chloride 

E.4.3.92.1 Noncancer Toxicitv 
Data were not located regarding oral exposure of humans to vinyl chloride (ATSDR 1989i). In rats. 
lifetime dietary ingestion of vinyl chloride slightly but significantly increased mortality and induced 
mild histopathologic effects in the liver. Several early occupational studies associated vinyl chloride 
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exposure with a syndrome known as vinyl chloride disease, which includes acroosteolysis (dissolution 
of the ends of the distal phalanges of the hands), circulatory disturbances in the extremities, Raynaud 
syndrome (sudden, recurrent bilateral cyanosis of the digits). scleroderma, hematologic effects, effects 
on the lungs, and impaired liver function and liver damage. Mild neurologic effects were also 
associated with occUpational exposure. Long-term inhalation studies in rats and mice identifed 
elevated relative liver weight as a sensitive indicator of liver effects. Neither inhalation RfC values 
nor oral IUD values for vinyl chloride were located. The principal target organs for vinyl chloride 
appear to be the CNS and the liver. 

E.4.3.92.2 Carcinoeenicity 
The EPA (1992b) lists vinyl chloride as an EPA cancer weight-ofevidence Group A compound 
(human carcinogen) and presents a verified oral slope factor of 1.9 per mg/kg/day, based on the 
increased incidence of liver and lung tumors in a lifetime dietary study in rats. An inhalation unit risk 
of 8.4E-05 per m3, equivalent to 0.3 per mg/lcg/day, assuming humans inhale 20 m3 of air/day and 
weigh 70 kg, is based on liver tumors in rats intermittently exposed by inhalation for 12 months. 

E.4.3.93 Xvlenes 

E.4.3.93.1 Noncancer Toxicitv 
Prolonged oral exposure of animals to xylenes was associated with CNS signs and incnxsed mortality, 
without histopathological alterations in the internal organs @PA 1993a). Occupational exposure to 
xylenes induced CNS effects and GI disturbances (ACGM 1986). Other effects attributed to 
occupational exposure to xylene (blood dyscrasia, and heart, liver, and kidney damage) may have 
axisen from concurrent exposure to other chemicals. The EPA (1993a) presented a chronic oral IUD 
for total xylenes of 2 mg/kg/day based on an NOAEL for hyperactivity and decreased body weight 
and increased mortality in male rats in chronic gavage studies. An uncertainty factor of 100 was used. 
The EPA (1992b) presented a subchronic oral IUD of 4 mg/kg/day based on an NOEL for body 
weight effects in a 13-week gavage study in rats and an uncertainty factor of 100. Inhalation RfC 
values for xylenes are considered not verifiable by the RtD/RfC Work Group (EPA 1992b). The CNS 
is the principal target organ for xylenes. 

E.4.3.93.2 Carcinogenicitv 
Xylene is classified'as a cancer weight-ofevidence Group D compound (not classifiable as to 
carcinogenicity u) humans) @PA 1993a). There are no reported human cancer data, and gavage 
animal studies in rat and mice of both sexes did not result in significant increases in tumor incidence. 
Quantitative risk estimates are not derived for Group D substances. 
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E.4.3.94 

E.4.3.94.1 Pharmaco kinetics 
Zinc is a nutritionally requid trace element. Estimates of the efficiency of GI absorption of zinc in 
animals range from 4 0  to 90 percent (Elinder 1986~). Estimates in normal humans range from 
approximately 20 to 77 percent (Elinder 1986; Goyer 1991). The net absorption of zinc appears to be 
homeostatically conmlled, but it is unclear whether GI absorption, intestinal secretion, or both are 
regulated. Distribution of absorbed zinc is primarily to the liver (Goyer 1991). with subsequent 
redistribution to bone, muscle, and kidney (Elinder 1986). Highest tissue concentrations arr: found in 
the prostate. Excretion appeaxs to be principally through the feces, in pan from biliary secretion, but 
the relative impoxtance of fecal and urinary excretion is species-dependent. The half-life of zinc 
absorbed from the GI tracts of humans in normal zinc homeostasis is approximately 162 to 500 days. 

E.4.3.94.2 Noncancer Toxicitv 
Humans exposed to high concentrations of aerosols of zinc compounds may experience severe 
pulmonary damage and death (Elinder 1986). The usual occupational exposure is to freshly formed 
fumes of zinc, which can induce a reversible syndrome known as metal fume fever. Orally. zinc 
exhibits a low order of acute toxicity. Animals dosed with 100 times dietary requirement showed no 
evidence of toxicity (Goyer 1991). In humans, acute poisoning from foods or beverages prepared in 
galvanized containers is characterized by GI upset (Elinder 1986). chronic oral toxicity in animals is 
associated with poor growth, GI inflammation, arthritis, lameness, and a microcytic. hypochromic 
anemia -der 1986). possibly secondary to copper deficiency (Underwood 1977). The EPA (1992b) 
presented a verified IUD of 0.2 mg/kg/day for chronic oral exposure to zinc, based on anemia in 
humans. 
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The EPA (1993a) classifies zinc in cancer weight-of-evidence Group D (not classifiable as to 
carcinogenicity to humans) based on inadequate evidence for carcinogenicity in humans and animals. 
The human data consist largely of occupational exposure studies not designed to detect a carcinogenic 
response, and of reports that prostatic zinc concentrations were lower in cancerous than in 
noncancemus tissue. The animal data consist of several dietary, drinking water, and zinc injection 
studies, none of which provided convincing data for a carcinogenic response. 
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CANCER SLOPE FACTORS FOR OPERABLE UNIT 1 RADIONUCLIDES OF CONCERN 
UPDATED: 9/23/93 

GI Absorption Penetrating External 
ICRP lnhala tion Factor Ingestion Exposure 

Radionuclide Lung Class' (Pci)-' (fl 1 (pco-' (pci*yr/g)-' 

Ac-227 + 7 dfrs 

Am-241 

Cs-137 + dtr 

Np-237 + dtr 

Pa-23 1 

Pb-210 + 2 dfrs 

Pu-238 

Pu-239/240 

Ra-226 + 5 dus 

Ra-226 + 8 dtrs 

Ra-228 + dfr 

Rn-222 + 4 dtrs 

Ru-106 

Sr-90 + dtr 
Tc-99 

Th-228 + 7 dtrs 

Y 

W 

D 

W 

Y 

D 

Y 

Y 

W 

W 

W 

* 

Y 

D 

W 

Y 

8.8 x 10" 

3.2 x 

1.9 x 10-11 

2.9 x 

3.6 x I O 8  

4.0 x 

3.9 x 108 

3.8 x 10" 

3.0 

7.0 x 10-~  

6.9 x IO-'' 

7.7 x lo-" 

4.4 x 10-1' 

6.2 x 10'" 

8.3 x lo1* 

7.8 x 10" 

1.0 x 10-~ 

1.0 x 10-~ 

1.0 x 1$ 

1.0 x io-.' 

1.0 x io-.' 

2.0 x 10-1 

1.0 x io-.' 

1.0 x 

2.0 x 10-1 

2.0 x 10-1 

2.0 x 10-I 

1.0 x 10' 

5.0 x lo-' 

3.0 x 10-1 

8.0 x 10-I 

2.0 x lo4 

3.5 x lo-'' 

2.4 x lo-'' 

2.8 x 10" 

2.2 x 10"' 

9.2 x lo-" 

6.6 x lo-'' 

2.2 x 10"' 

2.3 x lo-'' 

1.2 x 10-I0 

7.8 x lo-'' 

1.0 x 10-10 

1.7 x lo-'' 

9.5 x 10-l2 

3.6 x 1U" 

1.3 x 1012 . 

5.5 x lo-" 

8.5 x l o 7  

4.9 x 

2.0 x 10" 

4.3 x 

2.6 x lo4 

1.6 x 10"' 

2.8 x lo-" 

2.7 x lo-'' 

6.0 x 10" 

610 x 

2.9 x 

5.9 x loa 

0.0 x 10' 

0.0 x 1$ 

6.0 x io-" 

/ 



TABLE E.4-1 
(Con ti nued) 

GI Absorption Penetrating External a 
ICRP Inhalation Factor Ingestion Exposure a3 

Radionuclide Lung Class' (pci)'' (f,) (Pci)-' (Pci.yr/gY' 4 1  

Th-230 Y 2.9 x lo-' 2.0 x lo4 1.3 x 10" 5.4 x 10'" 

Th-232 Y 2.8 x lo-' 2.0 x lo4 1.2 x 10" 2.6 x 10'" 

Th-232 + IO dtrs Y 1 . 1  2.0 x 10' 1.7 x 8.5 x 10" 

U-233 Y 2.7 x 10' 5.0 x l o 2  1.6 x lo-'' 4.2 x lo-'' 

U-234 Y 2.6 x lo9 5.0 x 1.6 x lo-'' 3.0 x 10" 

U-235 + dtr Y 2.5 x lo-' 5.0 x lom2 1.6 x 10" 2.4 x 1 0 - ~  

U-238 + 2 dtrs Y 5.2 x lo9 5.0 x 10'2 2.8 x 10-11 3.6 x lo-' 

M 
P 
00 
00 

'Classification recommended by the ICRP for half-time for clearance from the lung. "Y" = years, "W" = weeks, "D" = days, "*'* = gas. 
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TABLE E.4-2 

TOXICITY VALUES FOR OPERABLE UNIT 1 CHEMICALS OF POTENTIAL CONCERN 

subchronic chronic subchronic chronic Oral Inhalation 
Oral RfD Oral RfD Inhalation Inhalation Slope Factor Slope Factor 

Source source RfC or ROD RfC or RfD Cancer Source or Unit Risk 
Chemical Name (mglkgday) (mglkgday) Source (mum’) Source (mg/m3) Group (mgkgdayr’ source 

Antimony 

ArSeNC 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium (In) 
Chromium (VI) 

Cobalt 

Copper and compounds 

Cyanide 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Se le N u  m 

Silver 

Thallium, soluble salts 

7 x 10” 

5 x 10” 

9x 10” 

1 x 10Ib 

2 x 10% 

2 x 10” 

4 x 10” 

2 x 1 0 ”  

5 x Io-” 

4 x loG 
3 x IOG 

7 x IOL 

5 x 1 0 3 ’  

9 x IOL 
5 x 10G(water) 
I x 1o3’(f~0od) 

1 x loo. 

5 1 0 3 ’  

6 x 10’ 

3.7 x 10” 

2 x 1Ut 

5 x lV’(water) 
1.4 x lO”(fo0d) 

3 x IO4 

5 1 0 3 ’  

5 1 0 3 .  

5 10”’ 

2 x l o t  

6 x 10’ (derived) 

D’ 

A‘ 

5 x 10” 1.4 x 10- D’ 

B2 

5.7 x loM D’ 

B 1’ 

A’ 

3 1 0 7 8  

D’ 

D 

B2’ 

4 x los 1.1 x lo4 D’ 

8.6 x 10% D’ 

D’ 

A 

D 

D’ 

O.O0005~g/l’ O.0043/pglm3’ 
(1.8 x 109 (1.5 x 10’)’ 

4.3 x loo. 8.4 x l@‘ 

6.1 x l@‘ 

4.1 x 10Ib 

8.4 x 10Ib 



TABLE E.4-2 
(Continued) 

$b 
4 subchronic chronic Subchronic chronic oral Inhalation 

Oral R f D  Oral R l D  Inhalation Inhalation Slope Factor . Slope Factor 
Source source RfC or RfD RfC or RfD source or Unit Risk Cancer 

Chemical Name (mg/kg-day) (mglkgday) Source (mg/m') Source (mg/m') Group (mg/kgday)' source I 

Tin 

Uranium, soluble salts 

Vanadium 

zinc 

2-Methylnapthalene 

4.4'-DDT 

4-Nitroaniline 

4-Nitrophenol 

2,4,5-TrichlorophenoI 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)pyrene 

Benzo(ghi)perylene 

Benzene 

Dibenzofuran 

Dioxins/furans 

Dichlorodifluoromethane 

Fluoranthene 

Fluorene 

Naphthalene 

Polychlorinated biphenyls 

6 x 10' 6 x 10" 

3 x 

7 x 10" 

3 x 10" 

7 x lo-% 

5 x l P  

3 x 10% 

6 x 1Wk 

1 x IC1* 

6 x 10" 

I x loo. 

6 x I O l b  

3 X 1 P  3 x 10" 

2 x 10" 

4 x 10lb 4 x 10" 

4 x 10Ib 4 x 10" 

4 x lo= 4 x  10% 

A 

D' 

D' 

B2' 

D' 

D 

D 

B2 

D 

A' 

D 

B2' 

5.7 x 1um D 

D 

D 

D 

B2 

3.4 x la1* 

7.3 6.1 

2.9 x 10" 2.9 x 14P 

1.5 x lp 

7.7 x lo". 
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TABLE E.4-2 
(Continued) 

subchronic chronic subchronic chronic Oral Inhalation 
Oral RfD Oral R f D  Iohalation Inhalation Slope Factor Slope Factor 

R E  or RfD Cancer source or Unit Risk Source soum RfC or RfD 
Chemical Name (mg/kgday) ( m % d a Y  1 Source (mglm’) Source (mg/m3) Group (mglkg-day)” source 

Pentachlorophenol 3 x lo2b 3 x lo= B2’ 1.2 x lo-“ 

prrene 3 x 1 o - I b  3 x lo-= D 

Tributyl phosphate 5 10-3’ 

Phenanthrene D 

Tetrachloroethene 1 x 1 o - I b  1 x lo-= C-B2 5.2 x lo2 2 x 1 0 - ~  

Vinyl chloride Ab 1.9 x loob 3 x lVib 

‘EPA 1992a. IRIS (Integrated Risk Information System), on-line database. 
$PA 1992b, Health Effects Assessment Summary Tables, annual update N 1992, including Supplement A, July 1992. 
‘EPA 1 9 9 3 ~  Risk Based Concentration Tables. 
%rived from unit risk or reference concentration. 
‘Derived from action level of 1.3 rng/L. 
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e 4 TABLE E.4-3 

DIOXIN AND FURAN TQXICITY EQUIVALENCY FACTORS8 

Compound TEF 

Dioxins 

Mono-. Di-, and Trichlorodiknzo-p-dioxins 0 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 
Other TCDDS 

2,3.7,8-Pentachlorodibenzo-p-dioxin (PeCDDs) 
Other PeCDDs 

2.3,7,8-Hexachlorodibenzo-pdioxins (HxCDDs) 
Other HxCDDs 

2.3.7,8-Heptachlorodibenzo-pdioxin (HpCDD) 
Other HpCDDs 

1 
0 

0.5 
0 

0. I 
0 

0.01 
0 

Octachlorodibenzo-p-dioxin (OCDD) 0.001 

Furans 

Mono-, Di-. and Trichlorodibenzo-pfurans 

- 2,3,7,8-Teuachlorodibenzo-p-furan (TCDF) 
Other TCDFs 

1,2,3,7.8-Pentachlordibenzo-p-furan (PeCDF) 

2.3.4,7,8-Pentachlorodibenzo-pfuran (PeCDF) 
Other PeCDFs 

2,3,7,8-Hexachlorodibe~o-pfurans (HxCDFs) 
Other HxCDFs 

2.3.7.8-Heptachlorodibenzo-pfurans (HpCDFs) 
Other HpCDFs 

Octachlorodibenzo-pfuran (OCDF) 

aEPA 1989j 

0639 
E492 FERylUl RNZBDC. 1 pgNE.4-M-20-93 1 &3&m, 

I 

0 

0.1 
0 

0.05 

0.5 
0 

0.1 
0 

0.01 
0 

0.001 
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TABLE E.4-4 . -  ~ 

TOXICITY EQUIVALENCY FACTORS (TEFsY 
AND CORRESPONDING ORAL AND INHALATION'SLOPE FACTORS 

FOR THE GROUP B2 PAHs 

Oral Slope Factor Inhalation Slope Factor 
PAH Relative Potency (mg/kg-day)-' (mg/kg-day)" 

Benzo(a)pyrene 1 .o 7.3 6.1 

Benzo( a)anthracene 0.145 1.1 0.89 

Benzo(b)fluoranthene 0.1228 0.90 0.75 

Benzo(k)fluoranthene 0.0523 0.38 0.32 

Chrysene 0.0044 0.032 

Dibenzo(a,h)anthracene 1.1 1 8.1 

Indeno( 12,3-cd)pyrene 0.278 2.0 

0.027 

6.8 

1.7 

'Clement International 1990. 

lERWUI~1229AE.S4v)9-2093 933un E493 r''64Q 
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TABLE E45 

D E M h  REFERENCE DOSES AND CANCER SLOPE FACTORS FOR 
CHEMICAL C0NS"UENTS OF POTENTIAL CONCERN 

Dermal Reference 
Gastrointestinal Dose Dermal Slope Fqctor 

Absorption Fraction (mg/kg-day) tmgflrg-daY)- Chemical 

Inorganics 

Antimony 0.1 5' 

0.9Sh 

0.91gb 

0.0P 

0.09 

0.05' 

6.00 x lo-' N D b  

1.90 x loo 2.85 x lo4 

6.37 x 

ArSeniC 

Barium ND 

5.00 lo-' 4.30 x l$ Beryllium 

Boron 4.50 ND 

ND 
ND 

- 
5.00 lo-' 
2.50 x IO-' 

Cadmium (food) 
. (water) 

2.25 0.45' 

0.45' 

O.Sh 

0.72d 

NA~ 

0.03' 

Chromium (VI) ND 

2.70 x 

2.20 x 

Cobalt ND 

ND 

NDh Cyanide ND 

Lead ND ND 

4.20 
1.50 io4 

Manganese (food) 
(water) 

ND 
ND 

4.50 x 1 0 ' ~  0.1 5h 

0.38a 

0.09 

0.8' 

0.0s' 

la 

0.0s' 

0.0s' 

Mercury 

Molybdenum 

ND 

1.90 ND 

2.00 x Nickel ND 

4.00 x Selenium ND 

NDh Silver 

Thallium 

Tin 

ND 

6.00 x IO" ND 

3.00 x lo-* ND 

1.50 x IO4 
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TABLE E.4-5 
(Continued) F B 

ChemiCal 

Dermal Reference 
Gasuointestinal Dose * Dermal Slope Fqctor 

Absorption Fraction (mg/kg-day) (mg/kghY)- 

VanadiUm 0.09 3.50 x io4 ND 

zinc O.2!jh 7.50 x ND 

Volatiles 

Tetrachloroethene 

' Vinylchloride 

0.9' 9.00 5.78 x 10-2 

0.98 ND 2.11 x loo0 

Semivolatiles 

Acenaphthene 1 .@ 6.00 x ND 

Acenaphth y lene 0.43' m ND 

Anthracene 0.43' 1.29 x lo-' ND 

Benzo(a)anthracene 0.43' ND ND 

B Benzo(a)pyrene 0.43' ND ND 

Berm( b)fluoranthene 0.43a ND ND 

Benzo(gbj)perylene 

Benu>(k)fluoranthene 

Chrysene 

Dibenzo(ab)anthracene 

Dibenzofuran 

Fluoranthene 

Fluorene 

Indene( 1 J3cd)pyrene 

2-Meth ylnaph~halene 

Naphthalene 

4-Nitroaniline 

0.43' 

0.43' 

0.43' 

0.43' 

N A ~  

0.43' 

O S g  

0.43' 

1 .@ 

1 .@ 

0.9' 

ND 

ND 

ND 

ND 

ND 

1.72 x 

2.00 x 10-2 

ND 

ND 

4.00 x 10-2 

2.70 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
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TABLE E45 
(Continued) Q 

Dermal Reference 
Gastrointestinal Dose Dermal Slope Fytor 

Chemical Absorption Fraction (mg/kg&y) mg/kg-day 1- 

CNitrophenol 

Pentachlorophenol 

Phenanthrene 

Pyrene 

2.4J-Tri~hl0roph~01 

Tnbutyl phosphate 

0.9' 7.20 x lU3 ND 

0.d 2.70 x lU3 1.33 x lo-' 

0.9' ND ND 

0.43' 1.29 x ND 

0.9' 9.00 x ND 

0.9' 4.50 x ND 

Pesticides PCBs 

Polychlorinated biphenyls 0.75' 

4.4'-DDT 0.98 

Dioxins/furans 0.5' 

5.30 10-~ 1.03 x 10' 

4.50 x lo4 3.78 x lo-' 

ND 3.00 x 16 

aSee the Toxicity Profile for this chemical in Section E.4.4.4 
%ID - Not derived 
'EPA 1989a. "Risk Assessment Guidance For Superfund, Volume, Human Health Evaluation Manual (Part 

dATSDR, 1988j 
CThe carcinogenicity of uranium is due to its radioactivity rather than chemical toxicity; its cancer potency 
due to penetrating external radiation is presented in Table E.4-1. 

'Section E.4.1.4 
gJones, T. D. and B. A. Owen, 1989. "Health Risks from Mixtures of Radionuclides and Chemicals in 
Drinking Water." Oak Ridge National Laboratory, Oak Ridge. Tennessee, ORNL-6533 

hEPA 19934, Memorandum from J. Dollarhide ECAO to P. VanLeeuwen Region V, 7/21/!33, including 
Attachments 1-6. 

'ATSDR 1990, "Toxicological Profile for 2 3 . 7 . 8 - T e ~ c h l o ~ ~ ~ ~ o x ~ "  Draft for Public Comment, 
US. Public Health Service, Atlanta, Georgia. 

JNA - Not appropriate. 
kNA - Not available. 

A). "EPA/540/1-89/002, pp. A-2 to A-3 

E 4 9 6  
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TABLE E.4-6 

DERMAL ABSORPTION COEFFICIENTS AND HENRY’S LAW CONSTANT J70W 
USED IN EXPOSURE MODEL 

Water PenneabiLity Soil Absorption Henry’s Law 
Coefficient Coefficient constant Log 

constituent (-1 (UnitleSS) (atm-m3/mol) &VI 

Inorganics 

Ammonia 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium (food) 

Chromium 

Cobalt 

Cyanide 

Copper 
Fluoride 

Lead 
Manganese 

Mercury 

Molybdenum 

Nickel 

Nitrate 
Phosphorous 

Selenium 

Silver 

Thallium 

Tin 

UraniUm 

Vanadium 

Zinc 

FERIowRvJR1229AE~21-93 75lp 

1.00 x 

1.00x lo-” 
1.00 10-31 

1.00x 10% 

1.00x 10% 

1.00 x lo-% 
2.00 x 10% 

4.00x 10-4“ 

1.00 x 10% 

1.00x lo-” 
1.00 x 10-% 

4.00 x lo-& 
1.00 x lo-” 

1.00 x 10-4“ 

1.00x 10% 

1.00x 10-4“ 

1.00 10-3’ 

ND 
ND 

1.00 1038 

6.00 x 10-4“ 

1.00 x lo-” 
1.00 x lo-& 
1.00 x lo-” 
1.00x lo-” 
6.00 x lo-& 

1.00x 10-2” 

1.00 x lo-% 
1.00 x 10-% 

1.00 x 10-% 

1.00 x 10-% 

1.00 x 10-% 

1.00 x lo-” 
1.00 x 10-% 

1.00 x 10-% 

1.00 x 10-% 

1.00 x 10-% 

1.00x 10-2 

1.00 x 10-% 

1.00 x 10% 

1.00 x lo-” 
5.00 x lo* 

1.00 x l@lC 

1.00 x lo-” 

1.00 x lo-” 

1.00 x lo-” 

1.00 x 10-2b 

1.00 x 

1.00 x 10-% 

5.00 x 

ND 

1.00 10-3 

E497 “ W 4  

NDh 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
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R 
94 Henry's Law Water Permeability Soil Absorption 

Coefficient Coefficient constant Log 
constituent (-1 (unitless) (atm-m3/mo1) K, 
Volaffle Organics 

BtXUtXE 2.10 x 10" 5.00 x 104" 5.59 103' 2.13' 

TetpacRlomethene 5.30 x ID2 4.00 x 10lc 2.87 x lo-% 2.53' 

Vinyl Chloride 3.70 x lo-% 3.00 x 10lc 8.19 x 10% 0 . d  

Semivolatile Organics 

2-Methylnaphthalene ND 3.00 x 10lC ND 3.86' 

3.3 '-Dichlorobenzidine ND ND ND 3.5d 

Acenaphth ylene 1.74 x lU1' 3.00 x 10-lC 1.14 x l e  4.07' 

Acenaphthene ND 3.00 x 10lC ND 3.92' 

Anthracene 2.25 x 10" 4.00 x 10-lC 8.60 x 4.45' 

Benzo(ghj)perylene 5.34 x lP 3.00 x 10-1c 5.34 x 10" 7.23' 

Dichlorodifluoromethane 1.20 x 10-2. 3.00 x 1 P  ND 2.16' 

Dioxins 1.40 x lP 3.00 x 10% ND 7.02' 

Fluoranhne 4.30 x 10le 3.00 x 10-lC 6.50 x l e  5.33' 

FuranS 1.40x lP 3.00 x 10% ND 5.82' 

Fluorene 

4-Nitroaniline 

4-Nitrophenol 

ND 3.00 x 10 'c  6.42 x 10'' 4.18' 

ND 3.00 x 1 P  ND ND 
6.00 x lo-% 3.00 x 10 'c  1.91 x loM ND 

Naphthalene 6.90 x 10% 3.00 x 1UlC ND 3.36' 

Pentachlorophenol 6.50 x 10'' 3.00 x 10'c 2.75 x le 5 . w  

5.30 x 10l' 3.00 x 5.10 x lo4' 5.18' 

Tributyl phosphate 3.13 x 10% 3.00 x 1 0 ' c  ND 4 . d  

Phenanthrene 2.70 x 10'' 3.00 x 10-lC 3.93 x io-'' 4.46' 

PesticidflCBs 

M o r -  101 6 

Aroclor-1221 

Aroclor-1242 

M o r -  1248 

Aroclor- 1254 

1.30 x loo" 3.00 x 10'c 1.07 103' 4.38' 

1.30x loo" 3.00 x 1.07 x lU3' 4.09' 

1.80 x l@ 3.00 x 10'c 4.40 x lo* 5.75' 

1.80 x loo" 3.00 x 1o'c 3.43 x le 4.11' 

1.00 x 1@ 3.00 x 10-lC 8.37 x io-" 6.03' 
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Water Permeability Soil Absorption Henry's Law 
Coefficient Coefficient constant Log 

Constituent (-1 (unitless) (atm-m3/mo1) K n w  

B 

Aroclor-1260 

4,4'-DDT 

1 . o x  l$e 3.00 x 10-lC 3.36 x lo4 6.11' 

6.00 x 10" 3.00 x 10-lC 3.89 10'" 6.19' 

"A, 1992d. the default value for inorganics is 1 x 
were estimated using the Egression equation: Log $ = -2.72 + 0.71 log &w - 0.0061 MW. 

Wester et al. (1991). 
%PA 1993d, Memorandum from J. Dollarhide ECAO to P. VanLeeuwen Region V, 7/21/93, including 
Attachments 1-6. 

dSuperfund Public Health Evaluation Manual, October 1986, (SPHEM). 
%PA, 1992h. 
'EPA, Wed Treatability Database, 1991. 
gATSDR. 1989, 'Toxicological Profile for 2,3,7,8-Tetrachlorodib-~ioxin", Atlanta, GA. 
%ID - Not determined. 

the experimental value for cadmium. Organic K,$ 
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E5.0 HEALTH RISK CHARACTERIZATION . 
I 

This section provides a characterization of the potential human health risks associated with the 
potential exposure to chemicals and radionuclides originating in Operable Unit 1. Section E.5.1 
presents the methods used to estimate the type and magnitude of health risks associated with 
radionuclide and chemical exposures, and Section E.5.2 presents the results of the risk assessment 
calculations for measured and modeled current concentrations of constituents in the Operable Unit 1 
source areas. Section E.5.3 presents the results of the risk assessment calculations for estimated future 
concentrations of radionuclides and chemicals in the Operable Unit 1 source areas. Section E.5.4 
contains a summary of the results. 

B 

E.5.1 RISK CHARACTEREATION METHODOLOGY 
Potential human health risks resulting from exposure to radionuclides and nonradioactive chemicals are 
estimated using methods established by the EPA, including, but not limited to, Risk Assessment 
Guidance for Superfund, Volume 1, Human Health Evaluation Manual (EPA 1989a). Methods 
described by the EPA are health-protective and are likely to overestimate rather than underestimate 
risk. The methodologies used to assess radiological and chemical risks differ slightly. 

=A's CERCLA methodology, which is set forth in recent guidance such as the Risk Assessment 
Guidance for Superfund and its supporting documents, uses specific algorithms to calculate human 
health risks as a function of chemical concentration, human exposure parameters, and toxicity. The 
product of the chemical concentration and the exposure parameters results in determination of an 
intake. as shown in Attachment E.III. 

b 

E.5.1.1 Radiocarcinogenic Risks 
~ocedures for estimating the incremental lifetime dancer risks (ILCRS) as a result of cumulative, 
lifetime exposure @e., a 70-year average life span) to a radionuclide are discussed in the following 
sections. 

E.5.1.1.1 Methodology for Internal Radiation Exposures 
Risk characterization for internal exposures to radionuclides (e.g., intake via inhalation or ingestion) is 
calculated as follows: 

where 

ILCR, = (Intakei)(CSFi) 

LCR, 
intakei = Intake of radionuclide "in @Ci) 

= xremental Lifetime Cancer Risk, express& as a unitless probability 

CSFi = Cancer Slope Factor of radionuclide "i" @Ci-1) I .  

(E.5-1) 
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4v 
E.5.1 
Risk characterization for external exposure to gammaemitting radionuclides in contaminated surface 
soil is calculated as follows: 

where 

-ei - - 
Intake,.,, = 
CSF,, = Cancer Slope Factor (external) of radionuclide "i" @Ci-y/g)-' 

Incremental Lifetime Cancer Risk, expressed as a unitless probability 
Intake of radionuclide "i" @Ci-y/g) 

External intakes account for contributions to the total risk from decay products (radioactive progeny). 
For example, the ILcR due to continuous, lifetime external exposure to soil contaminated with Ra-226 
and its progeny, assuming secular equilibrium (all members of the decay series disintegrate by the 
same number of atoms per unit of time). includes the risks contributed by Ra-226 and each decay 
product that emits photon radiation such as Lead-214 (Pb-214) and Bismuth-214 (Bi-214). 

E.5.1.2 Chemical Risks 
Risks from hamdous chemicals are calculated for either carcinogenic or noncarcinogenic effects. In 
addition, some carcinogenic chemicals may also present a toxic (noncarcinogenic) hazard. Potential 
impacts from these chemicals are characterized for both types of health effects. 

E.5.1.2.1 Methodolorn for Carcinogens 
Risks attributed to exposure to chemical carcinogens are estimated as the probability of an ihdividual 
developing cancer over a lifetime as a result of exposure to a potential carcinogen. At low doses, the 
ILCR is determined as follows (EPA 1989a): 

ILCR, = (Intakei)(CSFi) (E.5-3) 

where 

ILCR 
Intakei = Intake of chemical "i" (mg/kg/day) 
CSFi = Cancer Slope Factor of chemical "i" (mg/kg/day)-' 

= Incremental Lifctime Cancer Risk, expressed as a Unitless probability 

Risks below 1 x lod (a risk less than 1 in 1 million) are generally considered to be acceptable by the 
EPA, and risks greater than 1 x lo4 (1 in 10.0oO) are generally considered to be unacceptable by the 
agency. 

When carcinogenic risks exceeds 1 x 
the one-hit model be used as follows: 

using the above methodology, EPA (1989a) specifies that 
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(E.5-4) 1 

E.5.1.2.2 Methodology for Noncarcinonens 
The risks associated with the effects of noncarcinogenic hazardous chemicals are evaluated by 
comparing an exposure level or intake to an RfD. The ratio of the intake to the RfD is called the 
Hazard Quotient (HQ) (EPA 1989a) and is defined as: 

HQ = Intake,/RfDi (E.5-5) 

where 
HQ = Hazard Quotient (unitless) 
Intakei = Intake of chemical 3" (mg/kg/day) 
RfDi = Reference dose of chemical "?' (mg/kg/day) 

Long-term chemical exposures are evaluated using chronic RfD values, however, exposures for the 
home builder are evaluated using subchronic RFDs where available. 

This approach is different from the probablistic approach used to evaluate carcinogens. An HQ of 
0.01 does not imply a 1 in 100 chance of an adverse effect, but indicates only that the estimated intake 
is 100 times less than the reference dose. An HQ of unity (1) indicates that the intake is equal to the 
RfD. If the HQ is greatex than 1, exposure to that chemical at detected concentrations may be 
expected to cause adverse health e€€ects. B 
E.5.1.3 hl>osUreS to MdtiDle COnStituentS 
Environmental media at Operable Unit 1 contain multiple chemicals and radioactive constituents. For 
a given pathway with simultaneous exposure of a receptor to several carcinogens, the following 
equation is used to sum cancer risks: 

Riskp = Risk (cheml) + Risk (the%) + ... Risk (cheq) (E.5-6) 

where 

Riskp = Total pathway risk of cancer incidence 
Risk (chemJ = Individual carcinogenic chemical risk 

In the case of simultaneous exposure of a receptor to several noncarcinogens, a Hazard Index (HI) is 
calculated as the sum of the HQs by: 

HI = HQ1 + HQ2 + ...+ HQi (E.5-7) 

For simplicity's sake, target organ effects are not considered for OU1. Target organ effects become 
critical when the Hazard Index exceeds unity. At that time, EPA guidance (EPA 1989a) suggests 
separating the Hazard Index by target organ to refine risk estimates. This becomes less critical when D ,-= , 

E-5-3 , . CI649. 
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in c k a % ~ c a l s  result in Hazard Quotients of greater than 1.0. Under those circumstances, it is 
possible that any of the chemicals with Hazard Quotients greater than 1.0 could result in toxic health 
effects. In most cases at OU1, when the Hazard Index exceeds 1.0, one or more individual chemicals 
have Hazard Quotients that also exceed 1.0. 

E.5.1.4 Multiple Pathways 
Multiple exposure pathways are assumed for the hypothetical receptors evaluated in this assessment. 
The risks from various exposure pathways are additive to a receptor experiencing more than one of 
them. For example, the risks from drinking water and the risks from inhalation incurred by the same 
individual are summed to determine the total risk to that receptor. 

E.5.2 RISK ESTIMATES FOR CURRENT SI'E CONDITIONS 
As described in Section E.3.0, several hypothetical receptor populations are evaluated in the risk 
assessment for the current land use scenario. All exposures addressed in t h i s  section are based on the 
current source term (i.e., waste pit covers are intact, no surface runoff, etc.). Two receptors, the 
trespassing child and the on-property visitor, are assumed to incur exposures while within the operable 
unit boundaries. 

Two additional hypothetical receptors are considered to be off-property receptors because they are 
potentially exposed to constituents that migrate off-property. These receptors are a resident adult and 
a user of beef and dairy products. A "composite" resident is also considered, which assumes a person 
is exposed to both migrating constituents as well as to food produced on-property, and that the 
individual trespassed as a child. 

This section and all following sections are organized around general risk summary tables that present 
total radio- and chemocarcinogenic risk and Hazard Indices by exposure route for each receptor. All 
detailed (Le., chemical-specific) information is contained in Attachment E N .  

E.5.2.1 On-ProDertv EXDOSU~~S Of Off-Pro~rcV ReCeDtOrs 
Two receptors were evaluated who may be expected to incur intennittent exposures to contaminants 
while on property. It should be noted that no one routinely visits the area as per the visitor scenario, 
and a trespassing child cannot gain access under current site security controls. 

Air modeling was used to idenw the point of maximum on-property risk. In brief, once the transport 
criteria were fixed and the source (soil) concentrations were input, the resulting air concentrations were 
combined with the composite radiological and chemical intake and dose-response factors to determine 
the grid location of maximum risk. In the case of onsite exposures, this point was the 0.0 coordinate, 
which is located in the center of the Burn Pit, as shown in Figure E.3-4. AU risks discussed for the 
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onsite air concentrations under the current conditions are based on the predicted air concentrations at 
that point, for whatever time frame is specified for a particular scenario/receptor. 

< ’  

E.5.2.1.1 Trespassinn Child 
The hypothetical trespassing child is assumed to receive exposures while wandering randomly through 
the study area, and is evaluated to explore potential risks to a subpopulation of potential concern. This 
receptor is assumed to be an older child, aged 6 through 17 years old. A more detailed description of 
this receptor and the parameter values used in calculating risks are presented in Section E.3.5 of this 
report. Chemical-specific risk estimates and hazard quotients are presented in Tables E.W-1 and 
E.W-2, and are summarized by pathway and media in Tables E.5-1 and E.5-2. 

Radionuclides 
The measured and modeled concentrations of radionuclides in surface soil and air produce a total 
calculated risk of 5 x as shown in Table E.5-1. Air (inhalation exposures only), penetrating 
radiation from buried waste pit material, and external gamma exposure to radionuclides in surface soil 
contribute roughly equal portions of the total risk. Uranium and thorium isotopes (in equilibrium with 
their short-lived daughters) and Rn-222 are the primary radionuclides of concern in the air and account 
for almost 100 percent of the total risk. Uranium, thorium, and radium isotopes are the primaxy 
components of the external exposure risk. 

b chemical Carcinonens 
If exposed to the concentrations of contaminants currently found in surface soil or predicted to exist in 
air, the trespassing child would incur a total risk of 2 x lo-’. This total risk includes 4 x lo-’ from 
the inhalation of fugitive dust containing chromium and other metals, and a risk of about from 
dermal contact and incidental ingestion of soil containing Aroclor-1254 and beryllium. Unlike the 
radionuclides, dermal contact with soil presents essentially 100 percent of the total risk. 

Chemical Toxicants 
The current measured concentrations of noncarcinogenic chemicals found in the surface soil and 
predicted concentrations of these contaminants in air produce calculated Hazard Indices of about 0.1 
from inhalation of fugitive dust and 0.1 from dermal contact with soil, for a total Hazard Index of 0.2 
from all pathways. Hazard Indices are S- * in Table E.5-2. Inhalation of cobalt in dust and 
dermal contact with soil containing uranium and antimony are the primary contributors to the total 
Hazard Index for this receptor. The results indicate that exposure to noncarcinogenic compounds by a 
trespassing child would be unlikely to result in any adverse (toxic) health effects. 
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2 'c E.5.2.1.2 Visitor 
The hypothetical visitor is an adult who is expected to be exposed on a routine basis over a period of 
25 years. As stated in Section E.3 and the Risk Assessment Work Plan Addendum (DOE 1992a). this 
receptor is not expected to come into direct contact with the soil, and hence is exposed only via 
inhalation of fugitive dust and external gamma radiation from both buried waste pit material and 

E.3-16. Detailed chemical-specific risk estimates and hazard quotients are presented in Tables E.N-3 
and E.IV-4, and are also S- ' in Tables E.5-1 and E.5-2. 

3 

4 

5 

6 

7 

8 

surface soil. The exposure input parameters used in evaluating this receptor were presented in Table 

Radionuclides 9 

Inhalation of fugitive dust, penetrating radiation from buried waste pit materials, and external exposure 
to radionuclides in soil, again, are the primary exposure routes of concern for this receptor. Uranium 
and thorium isotopes and Rn-222 are the primary contributors to the inhalation risk, and uranium, 

IO 

1 1  

12 

13 

14 

thorium, and radium isotopes are most si@icant in external gamma exposures. The total risk from 
radionuclides for this receptor are 3 x 10". 

- 
Chemical Carcinogens IS 

The inhalation risk for the visitor under the defined exposure scemuio is 3 x lod. This risk is due 16 

17 primarily to the presence of chromium at a predicted concentration of 4 x lod m e 3  in the air on- 

4 property. Arsenic, beryllium, cadmium, and nickel also contribute to the risk. 

Chemical Toxicants 19 

Most of the metals found in the soil are not toxic via inhalation, and direct contact is not considered m 
for this receptor, therefore risks are low. As with the trespassing child, cobalt in fugitive dust is the 
primary driver of the Hazard Index for inhalation. The es'timated HI is 0.5 for this mute of exposure. 
However, this Hazard Index is below unity, and therefore the onset of toxic effects is unlikely for this 
receptor. 2A 

21 

22 

23 

E.5.2.2 Off-Pro~ertV Exwsures 
Incremental lifetime cancer risks and Hazard Indices were also calculated for those persons potentially 
affected by the chemicals and radionuclides present at the FEW even though those persons are not 
physically located on the property. The hypothetical receptors considered are the off-property resident 
adult and the o f f -p~pr ty  resident who uses animal products raised within the operable unit's 
boundaries. Air modeling was used to idenhfy the point of maximum risk off-property, which in this 

case was a point at the fenceline approximately 450 meters west and 150 meters south of the center of 
the Burn Pit, as shown in Figure E.34. 
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E.5.2.2.1 Off-Propertv Resident Adult Farmer 
At the current time, no homes are located at the point of maximum risk via the air exposure pathways. 
However, a hypothetical receptor was developed based on the assumption that he would be subject to 
indirect (air) exposures from the property for a period of 70 years. A more detailed description of this 

receptor and the parameter values used in calculating risks are presented in Section E.3.5 of this 
report. For the current scenarios, this receptor’s risks are also summarized on Tables E 5 1  and E.5-2. 
Detailed, chemical-specific risks and hazard quotients are presented in Tables E N - 5  and E.rV-6. 

B 

Radionuclides 
The hypothetical off-property resident who is exposed to the predicted concentrations of radionuclides 
from air incurs a total calculated risk of 6 x lo-’, as shown in Table E.5-1. Table E.W-13 indicates 
that these risks are primarily associated with the presence of thorium and uranium isotopes and Rn- 
222. Risks from inhalation constitute almost 100 percent of the total air pathway risks. 

Chemical Carcinogens 
Exposure of the off-property resident adult is also considered for the predicted air concentrations of 
chemicals originating in the surface soil at the FEW. Multiple exposure routes are considered, such 
as inhalation of dust and ingestion of foodstuffs affected by dust. The risk from al l  the food pathways 
in combination exceed the risk incurred via inhalation. A hypothetical receptor is expected to 
experience a total carcinogenic risk of 3 x 10“. which is more than an order of magnitude below the 
risks attributable to the radionuclides. b 
There are two major contributors to the total chemical carcinogenic risk. The first is Aroclor-1254, 
which presents the primary component of the food pathways risk, and chromium, which results in the 
highest risk via inhalation of fugitive dust. 

Chemical Toxicants 
A number of metals were found in the surface soils, and are subject to off-property uansport via 
fugitive dust emissions. While many of these metals are not toxic via inhalation, the fallout on 
foodstuffs can contribute to the total Hazard Index. As shown in Table E5-2, the total Hazard Index 
for this receptor is 0.07. 

E.5.2.2.2 Off-F’rowrty User of Meat and Dairy Products 
The final receptor considered under the current source termfland use configuration is an off-property 
adult who routinely (over a period of 70 years) ingests meat and dairy products from cows grazed and 
watered in the Operable Unit 1 area. This scenario is based on the current surface soil and surface 
water concentrations, and uses the exposure input parameters presented in Table E.3-16. This receptor 
could only be exposed should land use controls be discontinued. The risks are summarized in Tables 
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E.5-1 (carcinogenic risks) and E.5-2 (Hazard Indices). Tables E.IV-7 and E.IV-8 present the detailed 
risks and hazard quotients for each chemical, exposure route, and medium. 

Radionuclides 
The total incremental lifetime cancer risk incl;rred by the off-property user of meat and dairy products 
produced on site is 6 x lo4 for the radionuclides. Grazing of cows and the subsequent ingestion of 
dairy products is the route that produces the maximum risk. This exposure scenario’s risks are driven 
by the uranium isotopes, Tc-99, Sr-90, and Cs-137. With the exception of the uranium isotopes, 
which were found at high activities, Tc-99, Sr-90, and Cs-137 are highly mobile in the environment 
and readily transfer from soil to plant material. 

Chemical Carcinonens 
For this scenario and receptor, biotransfer from soil to plant material and thence to meat or milk 

controls the total carcinogenic risks. The total risk to the off-property resident exposed in this manner 
is about 2 x lo”, and is almost solely attributable to soil biotransfer to meat and milk. Aroclor-1254 
is the primary chemical carcinogen for this exposure scenario, followed by arsenic. Arsenic in the 
surface waters (Waste Pits 5 and 6 and the Clearwell) at a weighted average concentration of 0.003 
mg/L contributes a risk of 7 x lo4. The fact that this concentration is well below the drinking water 
standard emphasizes.the conservative nature of the models and assumptions used in this assessment 
Note also that the concentration of arsenic in the surface soil was only 4.9 mag, and resulted in a 
food pathway risk of 5 x lo-! 

Chemical Toxicants 
The off-property resident adult incurs a Hazard Index of 11 via all routes of exposure. The food 
pathways originating with soil and the ingestion of meat from cows watered on the property all result 
in Hazard Indices greater than 1.0. Silver, zinc, and antimony all have Hazard Indices above or 
approaching unity for the pathways originating in soil, while zinc is most sipficant for the water 
pathways. These Hazard Indices are summarized in Table E.5-2. 

E.52.2.3 Composite Off-Prowrtv Resident 
It is conceivable that a local resident could not only live downwind of the waste pits, but could also 
ingest locally produced meat or dairy products and have trespassed on the site as a child. In this 
unlikely case. the total risks incurred by this receptor would be the total risks for three of the receptors 
presented above. When exposures overlap, the more conservative value is considered For example, 
both the off-property resident adult and the off-property user of meat and dairy products consume 
animal products at the same rate, therefore only the activity giving the higher exposure (consumption 
of meat and dairy products grown on-site) is counted toward the total exposure to the composite off- 
property resident. 
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The total radiological risk would approach 
exposures and soil ingestio4dermal contact as a trespassing child (4 x lo-'), inhalation of dust and 
ingestion of vegetables and fruits affected by aerial deposition (5 x lo-'), and ingestion of meat and 
dany products produced on property (6 x lo4). The total chemical carcinogenic risk for this 
composite receptor would be 2 x for the same routes of exposure. For both sets of contaminants, 
the risk is driven by the soil biotransfer to the food chain (meat), followed by inhalation. Of the 
radionuclides, Tc-99 in the soil is most sigmfkant, and koclor-1254 is the most si@icant risk driver 
for the chemical carcinogens. 

(7 x 10"). This accounts for direct radiation 

0 

The composite HI for this receptor is 11 for all pathways. Again, it is the biotransfer from soil to 
vegetation and into the food chain that drives this risk. Zinc, silver, and antimony are the primary 
noncarcinogenic analytes in this exposure scenario. 

E.5.2.3 Summary of Health Effects Under the Current Land Use Scenarios 
This section summarizes the calculated health risks for the current land use scenarios evaluated by 
contaminant and pathway. Only the RME receptors for both onsite and offsite exposures are 
addressed. Because no food is currently produced' ar Operable Unit 1, the RME individual for the off- 
property exposures in this discussion is considered to be the local resident living downwind of the 
waste pits. The visitor is the RME receptor for the onsite exposures. Table E5-3 contains a summary 
of the results for these receptors. e 
In general, the risk ksessment has shown that organic chemicals are not a major concern at this site 
under current land use/source term conditions. The uranium, thorium, and radium isotopes and radon 
control exposures for both the on- and off-property maximally exposed individuals. U-238 is the 
major contributor to the radiocarcinogenic air risks, and Th-228 drives the extemal exposures. 

When food chain exposure pathways are considered, the primary contaminants change. Tc-99, (3-137, 
and Sr-90 become si@icant contributors to the total risk. However, given the current configuration 
of the operable unit and the access controls in place, raising of food on property and having an 
individual whose sole lifetime intake of meat and milk is from cows grazed on-property is highly 
unlikely. 

Arsenic, chromium, cadmium, and Aroclor-1254, which were found in the surface soil at UCL 
concentrations of 4.9, 14.3, 5.8, and 1.4 mg/kg, respectively, represent the majority of the chemical 
carcinogenic risks at this facility. The high risks associated with these concentrations illustrates the 
conservative nature of the scenario assumptions and exposure parameters used. 
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E.5.3 RISK ESTIMATES FOR FUTURE SITE CONDITIONS 
If the government were to release control of the FEMP property, current land use could change. For 
example, a person could at that time build a house and reside on the property with a family. Several 
receptors are evaluated to determine the risks associated with future land uses. Since the maximum 
exposures for these receptors occur in the future when waste pit material is exposed and runoff control 
does not exist, the probability of adverse human health effects is greater than with the current site 
configuration. Receptors evaluated in this baseline risk assessment are the RME resident adult farmer, 
CT resident adult farmer, RME resident child, and the home builder. With the exception of the home 
builder, these receptors live on the Operable Unit 1 study area. 

A number of off-property receptors were also evaluated for the future site conditions and current land 
use. These scenarios assume that government or industrial ownership continues but that maintenance 
ceases, that land uses remain the same, that waste pit covers erode, etc. These receptors are the off- 
property RME resident adult, the Great Miami River user, and an off-property user of meat and dairy 
products. In addition, a trespassing child was considered for circumstances where access controls no 
longer exist. 

E.5.3.1 On-ProDerhr EXDOSUES Of o f f - h ~ ~ W  Residents 
As under the current site conditions, it is possible that an older child could trespass on the property 
over a period of 12 years. This receptor could be exposed to site-related contaminants via inhalation 
of fugitive dust and radon, via penetrating gamma radiation from buried waste pit material, and via 
direct contact with surface soil, exposed waste pit material, and sediment in Paddys Run that 

I originated as soil within the Operable Unit 1 boundaries. ILCRs and hazard quotients for this receptor 
are summarized in Table E.54, and the detailed calculations are contained in Tables E.N-9 and 
E.N-IO. 

Radionuclides 
Exposures to fugitive dust emissions and external exposure from exposed waste pit material and 
surface soil result in roughly equal risks (2 x lo4 and 3 x lo4), and account for almost 100 percent of 
the total radiocarcinogenic risk (5 x lo4) for this receptor. The primary contributors to this risk are 
Rn-222, Th-230, and the uranium isotopes found in the exposed waste pit materials from Waste Pits 3, 
5, and 6. Other routes of exposure such as sediment or soil ingestion and external exposure to 
sediment result in risks one or more orders of magnitude lower. 

Chemical Carcinogens 
The total chemical carcinogenic risk for the trespassing child is 2 x lo4. Inhalation of fugitive dust 
and dermal contact with soil result in the greatest individual pathway risks (1 x lo4 and 3 x 
respectively) for this receptor. These risks are driven by the presence of PCBs, arsenic, beryllium, and 
chromium in the soil. Organic compounds such as PAHs and dioxins result in risks one or more 
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orders of magnitude lower than the metals. For example, the total risk for all PAHs via soil ingestion 
and dermal contact is 6 x lo-' and all chlorinated dioxins and furans result in a total soil pathway risk 
of 4 x lo-! 

Chemical Toxicants 
Dermal contact with soil contributes half (2) of the overall Hazard Index (4) for this receptor. 
Uranium, vanadium, and arsenic dominate the dermal contact Hazard Indices. Inhalation of fugitive 
dust and ingestion of soil have similar Hazard Indices (0.8 and 0.9, respectively). 

E.5.3.2 Off-Property Exmsures 
Given the future site configuration and existing land uses in the vicinity of the FEW, several 
off-property receptors could be exposed to contaminants that originate on property. These receptors 
are exposed only via those media that are transported off property, such as air, surface water, or 
groundwater. 

The groundwater modeling exercise determined the location of the maximum carcinogenic risk in 
much the same manner as that described earlier for the air modeling. A grid was established, and 
once the contaminant plume migration was predicted for each grid node, the composite intakes and 
risks were applied to the predicted concentrations of each modeled constituent at each node. Once the 
point of maximum risk was determined, the concentrations of all contaminants at that point were a evaluated. 

In this case, the point of maximum off-property risk via groundwater exposure is located east of the 
fenceline. Modeled constituents are estimated to reach a maximum total risk at that location in 
approximately 680 years. The point of maximum on-property risk is located just downpdient of 
Waste Pit 4, and the maximum concentrations leaching from the waste pits is expected in 630 years. 
These receptor locations were shown in Figure E.34. 

E.5.3.2.1 Off-Property Resident Adult Farmer 
This receptor has the same characteristics as the off-property resident evaluated under the current 
source term. The only difference is that t h i s  person could now experience additional exposures related 
to changes in the site configuration, such as erosion of soil caps over the waste pit material and 
increased leaching. The cancer risks and hazard quotients for this receptor are summarized in Table 
E.5-5, and the detailed chemical-specific information is contained in Tables E.W-11 and EN-12.  
Total carcinogenic risks for all groundwater routes of exposure are shown in Figure E.5-1. 

Radionuclides 
The total radiocarcinogenic risk experienced by this hypothetical receptor is estimated at 2 x The 
most si@icant routes of exposure for the off-property resident are the inhalation of fugitive dust (9 x 0 
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lo4) and ingestion of drinking water (5 x lo4). The risk associated with inhalation of uranium and 
thorium isotopes and Rn-222 is about 99 percent of the total. U-238 contributes more than 80 percent 
of the drinking water ingestion risk and the total groundwater risk for all pathways (including food 
.ingestion). However, note that this total risk is an overestimation, given that the predicted locations of 
maximum risk via air and groundwater are not the same (Figure E.34). 

3 

4 

5 

Chemical Carcinogens 
None of the modeled groundwater chemical constituents that reach the fenceline are carcinogenic via 
ingestion and therefore carcinogenic risks via the groundwater pathway are zero. However, arsenic 
and nickel are carcinogenic via inhalation but metals do not volatilize during showering. The total 
chemical carcinogenic risk for the off-property RME resident is 4 x 
about 75 percent of the total. Other groups of compounds predicted to be found in fugitive dust 
emissions such as PAHs and dioxins and furans contribute a total risk for all pathways (by class of 
compounds) of 8 x respectively, which are two orders of magnitude less than the 
risk attributable to arsenic and nickel. 

and inhalation accounts for 
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Chemical Toxicants 1s 

As shown in Table E.5-5, the total Hazard Index for all exposure routes for the off-property RME 16 

17 resident is 60. 
thirds of the total risk. Uranium, nickel, and arsenic are the major drivers of the Hazard Index. 

Ingestion of.vegetables.and fruit affected by airborne contaminants contributes two 

la 6 19 

E.5.3.2.2 Great Miami River User 20 

This hypothetical adult receptor is assumed to live adjacent to the Great Miami River and use 
untreated river water for all domestic uses, as well as for swimming and as a source of fsh,  over a 
period of 70 years. The Great Miami River user is evaluated to explore the risks to an off-property 
subpopulation of concern. A more detailed description of this receptor and the input parameters used 
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25 to calculate risks is contained in Section E.3. 

Only radionuclides are predicted to reach the river, based on the modeling conducted for the facility. 26 

n Nuclide-specific risks are contained in Table EN-13,  and are summarized in Table E.5-7. 

Radionuclides 28 

The total incremental cancer risk incurred by this hypothetical receptor is 3 x 
range generally considered to be acceptable. Of all the pathways evaluated. routine ingestion of the 
river water as a potable water source results in the highest risk (2 x 

and Tc-99 make up essentially all of the remaining risk. 
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U-238, which is predicted 
to reach the river at a concentration of 0.103 pCi/L, contributes about 80 percent of this risk. U-234 
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The second most sigmfkant exposure pathway for this receptor is the ingestion of vegetables and fruits 
irrigated with river water. Under this hypothetical scenario, Tc-99 (by virtue of its efficient 
bionansfer) and U-238 and U-234 (by virtue of their higher concentrations) contribute the majority of 
the risk. 

E.5.3.2.3 Off-Property User of Meat and Dairy Products 
This receptor was described in detail in Sections E.5.2.2.2 and E.3 of this report. The total 
carcinogenic risks and Hazard Indices experienced by this receptor are contained in Table E.5-8, and 
chemical-specific risks for each pathway/medium combination are contained in Tables E.N-14 and 
EN-15. 

Radionuclides 
The total incremental lifetime cancer risk from radionuclides associated with the production of food on 
the Operable Unit 1 area is 6 x 10". Ingestion of dary products over a period of 70 years by this 
hypothetical off-property receptor results in a risk of 5 x lo", due primarily to the efficient biotransfer 
of Tc-99 and Sr-90 from the soil to plants to milk, as well as to the higher concentrations of U-238 
found in Waste Pits 3 and 6. 

Chemical Carcinogens . 

As with the cment land use/source term configuration, it is the ingestion of food products from cows 
grazed on property (versus livestock watering on property) that drive the risks. Ingestion of meat 
results in a total risk of 8 x lo", and ingestion of milk has an associated risk of 7 x 10". Aroclor- 
1254 and arsenic are the major components of the total risk for these pathways. Total risks associated 
with watering of cows on property are lower (7 x and are the result of the presence of arsenic 
and benzene in the onsite water-filled waste pits at weighted average concentrations of 0.002 mg/L and 
0.008 m a ,  respectively. Once again, these results reflect the conservative nature of the assumptions 
made in the exposure models and the selection of input parameters. 

@ 

Chemical Toxicants 
The only analytes found in the soil and surface water samples that exhibit toxic effects in man are 
metals. The total Hazard Index from the food pathways Originating in soil and surface water is 11. 
Grazing of cows in areas containing antimony, silver, and zinc can result in an unacceptable Hazard 
Index to the defined receptor. 

E.5.32.4 Composite Off-Prom Resident 
A composite off-property receptor is also considered in this risk assessment. It is considered possible 
(however unlikely) that a local resident could trespass on the site as a child, live downwind or 
downgradient of the site as an adult, and regularly ingest meat or dairy products grown on property. 
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Radionuclides 
The total radiological risks associated with these multiple exposures are 3 x 
be considered as unacceptable. Uranium and thorium isotopes (for the direct contact scenarios) and 
Tc-99 and Sr-90 (for the food ingestion pathways) are the most si@icant contributors to the risk. 

and would therefore 

Chemical Carcinogens 
Arsenic and Aroclor-1254 found in the soil drive the carcinogenic risks for this hypothetical composite 
receptor. The food pathways (ingestion of f i t s  and vegetables affected by dust from the site, 
ingestion of meat and dairy products from cows grazed on the site) cause the major portion of the risk. 
The total pathway risk for this receptor from carcinogenic chemicals also exceeds (6 x 

Chemical Toxicants 
There are several metals that contribute to the Hazard Index of 75 for the composite off-property 
receptor. Antimony, zinc, and silver are significant, especially via the food ingestion pathways. 
ingestion of water. and dermal contact with soil and exposed waste pit material as a trespassing child. 

E.5.3.3 On-PrOPerhr EXDOSUES 
Once access controls are removed from the property, and control of the site passes from government 
hands, it is possible that a family could build a homestead and live and work on property. There are 
four receptors who could potentidy be exposed under this hypothetical scenario. They are the RIVE 
resident adult and child, a CT adult, and a home-builder (e.g., construction worker). Each of these 
receptors was described in detail in Section E.3 of this report, along with the exposure input 
parameters that defme their intakes and risks. 

E.5.3.3.1 RME Resident Adult Farmer . 

This receptor is defined as an on-property resident fanner who spends his entire lifetime living and 
workhg,on the Opemble Unit 1 area. He receives direct exposures from a number of media by virtue 
of spending his life on properly. The point of maximum exposure for this individual is considered to 

Table E.5-9 (carcinogenic risks) and E.5-10 (Hazard Indices), and chemical-specific risks and hazard 
quotients are contained in Tables EN-16 and EN-17. 

be in the vicinity of Waste Pit 4 and the Bum Pit. The total risks for this receptor are S- ' i n  

Radionuclides 
Disregarding the presence of existing contamination in the perched water beneath the waste pits, the 
total radionuclide risk for this receptor is 4 x Because the perched water is unlikely to provide a 
consistent water supply for routine domestic and agricultural uses, ingestion only was considered for 
this medium and is included for reference only. It is considered highly unlikely that a resident would 
have two wells. U-238 was found at high concentrations in the perched water (429,000 pCi/L), and is 
solely responsible for the observed risk (5 x lo-') in the perched water. 
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Inhalation of fugitive dust and radon and external exposure to radionuclides in surface soil and 
exposed waste pit material contribute about 75 percent of the total risk. Uranium and thorium isotopes 
and radon in the air, and radium and thorium isotopes in the soiUwaste pit material are the major 
contributors to the risk. Ingestion of dhking water at the predicted time of maximum risk (630 years 
from now, determined as described earlier) would result in a risk of 7 x U-238 is the major 
contributor to the ingestion risk. 

0 

Other pathways and exposures are much smaller than these calculated risks. For example, risks 
associated with exposures to radon entering a home from the soil beneath it are about 1 x lo-'. 

Chemical Carcinogens 
The total risk associated with exposure to chemical carcinogens (5 x 
exposures to groundwater containing carcinogenic metals such as arsenic, and the ingestion of 
vegetables and fruits affected by air emissions from on-property sources. The air pathway risks are 
driven by the presence of Aroclor-1254 and arsenic in the soil. 

is due primarily to various 

The risk associated with ingestion of water from the perched aquifer is 1 x lo-'. This risk is almost 
wholly attributable to the presence of arsenic in a single groundwater sample at a concentration of 
0.582 m a .  This high concentration skewed the distribution, and the UCL on the mean exceeded the 
maximum detection, therefore the maximum concentration was considered in the risk assessment. 

Chemical Toxicants 
The total Hazard Index for the on-property RME resident is 670. While the numbers should not be 
interpreted as a probability, it can be said that ingestion of fruits and vegetables affected by particulate 
deposition represents the most si@icant portion of this total (Hazard Index = 280). Groundwater 
ingestion (Hazard Index = 200) is also likely to result in adverse (toxic) health effects. Uranium, 
antimony, arsenic, and manganese are the major contributors to the total Hazard Index for groundwater 
exposures. 

* 

Ingestion of water from the perched aquifer would result in a Hazard Index of 6000 for the adult 
resident. Uranium, thallium, and molybdenum are contributors to the Hazard Index. 

E.5.3.3.2 CT Resident Adult Fanner 
This hypothetical receptor is defined as residing on the Operable Unit 1 study area for a period of 
9 years, With all exposure routes considered using the parameters presented in Table E.3-17. Although 
this receptor is similar to the RME resident adult discussed in the preceding section, parameter values 
have been selected to evaluate risks that are closer to the expected average values. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 



. . 1. . .  

As suggested by EPA guidance (EPA 1992d). the 
because calculated risks to this receptor provide a 

FEMP-01RI4 D m  
October U, 1993 

resident CT adult is included in this assessment 
useful perspective on the uncertainty involved with 

exposure parameters used in calculating risks to the RME adult. While the central tendency evaluation 
calculates an incidence of health effects that is closer to the average or median incidence rate, it is 
important to note that many of the parameter values used exceed the median or average values. For 
example, the CT adult scenario in this analysis uses the upper 95 percent confidence interval on the 
mean as the exposure concentration. Thus the results presented for this receptor are not true average 
or median risks. 

The risks for this receptor are also presented in Tables E.5-9 and E.5-10. Chemical-specifrc 
information on risks and individual pathways is contained in Tables EN-18 and E.IV-19. 

Radionuclides 
The overall risk from radionuclides for the CT receptor (6 x 
the RME receptor (3 x 1U2). The primary sources of risk (Le., pathways, media, and contaminants) 
follow approximately the same distribution. 

is about one-third that calculated for 
. 

Chemical Carcinogens 
Calculated incremental lifetime cancer risks from chemical exposure for the CT resident adult total 4 
x without consideration of ingestion of water from the perched aquifer. Again, the carcinogenic 
metals drive the risks, especially via ingestion of drinking water and ingestion of fruits and vegetables. 

Ingestion of surface soil while working outdoors and ingestion of vegetables and fruits affected by air 
emissions from the source areas are also major components of the total risk. 

Chemical Toxicants 
The toxic effects due to on-property exposures via food ingestion pathways followed closely by 
groundwater ingestion dominate the total Hazard Index (340) for this receptor. Ingestion of drinking 
water and ingestion of food crops affected by aerial deposition are the primary components of this HI. 
Again, the toxic metals drive this risk, particularly arsenic and uranium. 

E.5.3.3.3 RME Resident Child 
This hypothetical child receptor is assumed to reside within the Operable Unit 1 study area for a 
period of 6 years. A more detailed description of this receptor and the parameter values used in 
calculating risks are presented in Section E.35 of this report. This receptor is evaluated to assess the 
impacts of chemicals on the critical subpopulation of children assumed to reside within the operable 
unit. 
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The carcinogenic risks for this receptor are summarized in Table E5-8, and the Hazard Indices are 
. in Table E.5-9. Detailed backup for these results is contained in Tables E.IV-20 and a 

E.IV-21. 

Radionuclides 
If the risks associated with ingestion of the perched water are discounted, the total radiocarcinogenic 
risk for the RME child receptor is estimated at 4 x 
predicted for the RME resident adult receptor. External exposure to exposed waste pit material and 
ingestion of contaminated groundwater together present about 80 percent of the total risk. Uranium, 
thorium, and radium isotopes are the primary constituents of this risk. 

which is an order of magnitude less than that 

Chemical CarcinoEens 
Table E 5 9  indicates that the total chemical carcinogenic risks from all evaluated pathways is 2 x 
lo-*. Ingestion of drinking water from the Great Miami aquifer and ingestion of fruits and vegetables 
irrigated with groundwater contribute about half of the total risk. Metals are the primary carcinogenic 
constituents. 

Another 25 percent of the total risk is caused by direct exposures to surface soil and exposed waste pit 
material. Arsenic, beryllium, and other carcinogenic metals contribute much of the risk, followed by 
PAHs and the dioxins and furans. a 
Chemical Toxicants 
The total Hazard Index for the RME child is 3100, as shown on Table E.5-10. The results of the risk 
assessment indicate that the food pathways play a major role in the risk, both via air pathways and 
groundwater pathways. In addition, ingestion of groundwater contributes heavily to the total. 
Uranium in soil and ,exposed waste pit material and groundwater is one of the major toxicants acting 
on potential child receptors at this facility. 

Concentrations of lead in soil at Operable Unit 1 were compared to interim soil cleanup levels of 500 
to 10oO ppm, which is recommended for use at Superfund sites where current or predicted land use is 
residential (EPA 1989k). The area-weighted average lead concentration of 116 ppm for Operable Unit 
1 soils is below this recommended range, indicating that lead levels are not expected to pose a 
si@icant health hazard to sensitive receptors, including children. 

E.5.3.3.4 Home Builder 
The home builder spends 50 days in one year on the property while building a house. A more 
detailed description of this receptor and the parameter values used in calculating risks are presented in 
Section 3.3 of this report. This receptor is evaluated to assess the impacts of chemicals on anyone 
building a home within the operable I -  unit. Health impacts from this activity may be considered by 
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thems&& or in combination with other RME receptor activities such as the on- or off-property RME 
adult or the trespassing child However, given the fact that these total risks are one or more orders of 

overall risk. 4 

magnitude lower than the risks presented for the future residents, they would have little impact on the 3 

This receptor is assumed to be exposed only to material in Pit 4. Only ingestion and dennal contact 

S l X W M l l d  in Tables E5-9 and E.5-10, and details are presented in Tables EN-22 and EN-23. 

5 

6 

1 

with the soil and inhalation of fugitive dust emissions were considered for this receptor. The risks are 
. 

Radionuclides 8 

The total radiocarcinogenic risks experienced by this hypothetical receptor is 3 x lo-’. This risk is due 
primarily to external exposure to Ra-226 and Th-232 in the soil, and to Th-230 and U-238 in the dust. 
These two exposure routes provide about 97 percent of the total risk to the homebuilder. 

9 

10 

11 

Chemical Carcinogens 
Chemical carcinogenic risks for this receptor exceed the radiocarcinogenic risks. Ingestion of soil 
containing beryllium and various dioxins and furans contributes 98 percent of the total risk associated 
with direct soil contact. Inhalation of fugitive dust is fairly insignificant in the total risks. 

Chemical Toxicants 
The Hazard Index resulting from dermal exposure to and ingestion of soil while building a home (90) 
is primarily caused by the presence of d u m ,  antimony, and silver in the waste pit material. The 
inhalation Hazard Index (0.3) is primarily due to the predicted concentrations of arsenic and uranium 
in the air. 
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E.5.3.4 Summary of Health Effects Under Future Site Conditions 22 

This section summarizes the calculated health effects for the future land use scenarios evaluated by 
chemical, by pathway, and by media. Emphasis is given to health effects which clearly dominate the 
assessment, and the discussion focuses on the off-property RME adult resident and the on-property 

23 

zp 

25 

26 RME resident adult farmer as being the maximally exposed individuals. 

Table E5-11 contains a summary of the total carcinogenic risks for these receptors. The off-property 
resident experiences his greatest exposures via the air emissions from the study area. When all 

nickel, arsenic, and chromium dominate the chemical carcinogenic risks. 

27 

28 
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pathways are considered, Th-230, U-238, and U-234 dominate the air radiocarcinogenic risks and 

Table E5-12 presents a summary of the systemic risks for the maximally exposed individuals; the on- 31 

property RME resident child and the off-property RME resident adult farmer. Uranium toxicity clearly 
dominated the risk contributor with a small contribution by arsenic. 

32 

~ U I R n D C . l ~ ~ N W 1 - 9 3  2 : n p  , , . : E-5-18 
I ,I . . .  

I. 

G,.E:h ,._.. ... 
. . . .I . . .  . .  



FEMP-01RI-4 DRAFT 
October 12. lq93 . .  

Groundwater exposures present a relatively minor component of the total risk (12 percent). No 
carcinogenic organics or metals are predicted to reach the property boundary at the time of maximum 
risk, as discussed earlier. However, a number of radionuclides are significant, with U-238 being the 
dominant nuclide. 

Risks to the on-property RME resident are driven by the exposures to groundwater and surface soil 
and exposed waste pit contents. When a l l  exposure routes are considered, including food ingestion, 
dermal contact, and ingestion, soil exposures cause 30 percent of the total risks and groundwater 
exposures cause 49 percent. Th-232, Ra-226, and U-238 are the major radiological constituents of 
potential concern, and arsenic is the chemical carcinogen that causes most of the chemical risks. 

Air exposures, particularly the food pathways, also contribute to the total risks for the on-property 
RME resident. Th-230, U-238, and arsenic are the primary CPCs for the air pathways. 

E.5.4 SUMMARY OF HEALTH RISK CHARACTERIZATION 
The selection of CPCs for evaluation in this baseline risk assessment was a key step in the risk 
assessment process. Contaminants were selected on the basis of the history of site operations and an 
evaluation of characterization data with respect to the distribution and concentration of contaminants in 
the various media at the site and the potential contribution of individual contaminants to overall health 
effects. Confidence is high that the si@icant contaminants were identified because considerable 
information is available from the site characterization effort and few contaminants were eliminated as 
CPCs.  The CPCs include 15 long-lived radionuclides and numerous chemicals consisting of metals, 
organic compounds, PAHs, Pas, and dioxins and furans. Most of the radionuclides have short-lived 
daughters that are evaluated concurrently with the parent nuclides, unless specifically included. Low 
levels of radionuclides are spread throughout the soils of Operable Unit 1. Eight waste pits contain 
large inventories of waste with high concentrations of a number of chemicals and radionuclides. 

Cancer induction is the only health effect considered for the radionuclides detected in Operable Unit 1, 
and many of the chemicals evaluated are potential carcinogens. This assessment indicates that metals 
(particularly arsenic) and radionuclides (particularly U-238, Th-232, and their short-lived progeny) are 
the contaminants contributing most significantly to risks. 

Toxic effects other than carcinogenesis are considered for many of the metals and chemicals detected 
in Operable Unit 1. Several of the metals evaluated are present in concentrations which exceed the 
levels thought to produce toxic effects. Uranium, zinc, and antimony are most prevalent. 

Health effects associated with exposures to lead could not be quantitatively assessed because of the 
unavailability of toxicity values. However, when the UCL concentration of lead in the soil is 
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478 
compared to the EPA's recommended values, the results indicated that lead in soil is not a major 
concern for the identified exposure routes and site configurations. 

Receptors and exposure pathways were identified in this baseline risk assessment on the basis of site- 
specific considerations of current land use and reasonable projections of future land use that considered 
the time frame of this analysis. Confidence is high that the main exposure pathways and potential 
receptors have been idenMied and evaluated. Although additional receptors and activities could be 
identified, exposures would be similar to or less than those estimated for the specific receptors and 
pathways considered in this analysis. Standard (conservative) intake parameters were used for the 
assessment of the inhalation and ingestion pathways, and, although some uncertainty exists with 
respect to these values, this uncertainty is not expected to significantly affect the analysis. 

The potential for health effects from exposure to site-related Contaminants was estimated for on- 
property receptors and in adjacent off-property areas impacted by site releases. The on-property 
exposure points evaluated in this baseline risk assessment were operable unit soil, outdoor air and the 
waste pits. To focus the discussion, the magnitude of the total estimated carcinogenic risks and HIS 
are discussed relative to remedial action goals for an NPL site, as defined by the EPA (1989a, 1990~). 
These goals are an ILCR of lod to lo" and an HI not to exceed 1 for toxic effects other than cancer. 

Confidence in the quantitative results presented in the preceding sections (Le., carcinogenic risks and 
toxic effects) depends on a number of factors. Perhaps the greatest smgle source of uncertainty in this 
assessment is the toxicity and slope factors used to convert exposures to risks. For Operable Unit 1 
con taminants, the level of confidence ranged from very low (a factor of 100,OOO for the dioxin slope 
factors) to high (a factor of 3 for the arsenic IUD). The high unmtainty factor of the dioxin group 
results in a lower (more conservative) slope factor, thus the risks from this group of chemicals may be 
overstated. 

For the current s o m e  term and land use combinations, the receptors who experience the highest risks 
are the off-property user of meat and milk and the visitor. The visitor is exposed primarily via 
inhalation of fugitive dust, and m the case of the on-propeq visitor, radon emissions. Uranium and 
thorium isotopes cause most of the risk under the defined exposure scenarios. These risks within the 
lo" to lo-' range. The off-property user of meat and milk are exposed to CPCs that biotransfer to 
meat and milk of livestock grazed on site. The C P C s  are Tc-99, Sr-90, and U-238 radiological CPCs 

and Aroclor 1254 and arsenic for chemicals. 

Under future land use conditions, the maximally exposed individual is the on-property RME resident. 
This receptor would experience a total risk in the lo-' range for both radionuclides and chemical 
carcinogens combined. Inhalation of dust and radon, external exposure to surface soil and exposed 
waste pit material, and ingestion of drinking water/irrigation of fruit and vegetable crops with 
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contaminated groundwater drive the risks. Carcinogenic metals such as arsenic, toxic metals such as 
uranium, and various isotopes of uranium and thorium control the total risks. 

1 

2 



TABLE E.5-1 

TOTAL CARCINOGENIC RISKS 
CURRENT SOURCE TERM 

Off-Property Uoer of TlesspsMing Off-Property RME 
Child Visitor Residcnt Meat and Dairy W u c t a  

Exposure 
Medium Route Radiological Chemical Radiological Chemical Radiological Chemical Radiological lChemica1 

~ ~ ~~ ~ 

Air Inhalation I 10-5 4 10-7 I x I 0 4  3 x  lob 6 x  IO-’ I x lod NA NA 

Inption of Vegetabks and NA’ NA NA NA d X  10-7 I 10-7 NA NA 
Fruit 

Ingestion of Meat NA NA NA NA I A  1w9 9 IO-’ NA NA 

Ingestion of Dairy W u &  NA NA NA NA 6 x IO-’ 8 10-7 NA NA 

Buried Pit Material Penetrating Radiation 2 x lo-3 NA 9 x  lO-’ NA NA NA NA NA 

Sluface Soil Ingestion 2 3 10-7 NA NA NA NA NA NA 

&mal Contact NA 2  IO-^ NA NA NA NA NA NA 

External Exposure z X  10-5 NA E x  104 NA NA NA NA NA 

Ingestion of Meat NA NA NA NA NA NA I x l0-J 7 x  l f l  

9 Ingestion of Dairy Products NA NA NA NA NA NA s x  104 8 1  I 0 4  

Ingestion of Dairy products NA NA NA NA NA NA 3 10-5 I 10-7 

Subtotal 5  IO-^ 2  IO-^ 9 1  le 3 x 10-6 6 x  IO-’ 3 x 104 6 x 10.‘ z X  IO” 

Total Carcinogenic Rink 7 IUS 9 x  104 6 x IQ5 3 10” 

Y 

surface watu Ingestion of Meat NA NA NA NA NA NA 5 x 104 6 x  1V6 

‘NA - Not applicable. Expaaule route not evaluated. 



TABLE E.5-2 

TOTAL HAZARD INDICES 
CURRENT SOURCE TERM 

Ehposure Route Trespassing Off-Property Off-Property User of Meat 
MediW Child Visitor RME Resident and Diary Products 

Air Inhalation 0.1 0.5 0.06 NA 

NA 
c2 
a 
m .  c Ingestion of meat NA NA 0.002 NA 

Ingestion of dairy products NA NA 0.004 NA 
a -  

Ingestion of vegetables and NA' NA 0.005 
fruits 

Surface Soil Ingestion 0.02 NA NA NA 

Dermal contact 0.1 NA NA NA 

Ingestion of meat NA NA NA 5 

Ingestion of dairy products NA NA NA 2 

. Surface Water Ingestion of meat NA NA NA 3 

>- '=\ . Ingestion of dairy products NA NA NA 1 
I 

Total Hazard Index 0.2 0.5 0.07 11 

'NA - Not applicable. Exposure route not evaluated. 

G U  

5 5  w 
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TABLE E.5-3 

SUMMARY OF TOTAL CARCINOGENIC RISKS 
CURRENT SOURCE TERM 

MAXIMALLY EXPOSED INDIVIDUALS 

Off-Property User of Meat and Milk On-Property Site Visitor 

Radiocarcinogenic Chemocarcinogenic Radiocarcinogenic Chemocarcinogenic 
Percent of Risk/Major Risk/Major Percent of Risk/Major Rismajor 

Medium Total Risk Contributors (a) Contributors (%) Total Risk Contributors (I) Contributors (a) 
Air NA NA NA 37% 1 x 10" 3 x 

U-238 70 Chromium 80 

Th-230 12 Arsenic 9.7 

u-234 8.5 Cadmium 5 .O 

Buried Pit NAB NA 
Materials 

NA 33% 9 NA 

Surface 95% 6 x 10" 2 10" 30% 8 x lo-' NA 

Soil 

TC-99 75 Aroclor-1254 94 
St-90 14 Arsenic 3 
U-238 5 

Surface 5% 4 10-~  7 x 

Th-228 59 

U-238 16 

Soil 

U-238 32 Arsenic 100 
CS-1 37 30 
TC-99 27 

Ra-226 6.5 

'NA - Not applicable. Exposure route not considered for this receptor. 



TABLE EJ-4 

SUMMARY OF TOTAL HI 
CURRENT SOURCE TERM 

MAXIMALLY EXPOSED INDIVIDUALS 

Off-Property User of Meat and Dairy Products Off-Prooertv Site Visitor 

Medium 
Percent of 
Total HI 

HVMajor 
Contributors Percent 

Percent of 
Total HI 

HI/Major 
Contributors 

Medium 
Contribution 

Percent 

Air 11 

11 

NA 

100 

NA 

0.5 

Cobalt 
Manganese 

Barium 

Surface Soil 64 

87 
12 
1 

Silver 
Zinc 

Antimony 

Surface Water 36 

43 
24 
14 

NA . 

NA 

NA 

NA 

NA 

Zinc 
Silver 

Copper 

95 
3 
1 

NA 

'NA = Not applicable 
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4 TABLE E5-5 

TOTAL CARCINOGENIC RISILS AND HAZARD INDICES 
FUTURE SOURCE TERM - CURRENT LAND USE 

ON-PROPERTY EXPOSURES - TRESPASSING CHILD 

Trespassing Child 
~ ~ 

MediWll Exposure Route Radiological Chemical Hazard Index 

Air Inhalation 2x 10" 1 x 10" 0.8 

Buried Pit Material Penetrating Radiation 7 x 10" N A ~  NA 

Surface Soil/Exposed Pit Ingestion 
Material 

3 x lo6 8 0.9 

Demal contact NA 3 2 

External Exposure 3 x io4 NA NA 

Sediment - Paddys Run Ingestion 5 IO-' 3 lo-' 0.7 

Demal contact NA 2 x 0.03 

External Exposure 4x 10" NA NA 

Subtotal 5 x 10" 2x lo4 4 

Total Risk/Hazard Index 7 10" 4 

aNA - Not Applicable - Exposure route not evaluated. 

E-5-26 



TABLE E.5-6 
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TOTAL CARCINOGENIC RISKS AND HAZARD INDICES 
F’UTURE SOURCE TERM - CURRENT LAND USE 
OFF-PROPERTY EXPOSURES - RME RESIDENT 

~ 

Off-F’roperty RME Resident 

MediUlSl Exposure Route Radiological Chemical Hazard Index 

Air Inhalation 9 x lo4 3 10” 0.4 

Ingestion of Vegetables and 1 10-~ 6 x lo“ 40 
Fruit 

Ingestion of Meat 3 IO-’ 2 x lo4 6 

Ingestion of Dairy Products 2 x  10“ 3 10-~ 4 

Groundwater Ingestion of Drinking Water 5 x lo4 0 x loo 8 

Dermal Contact NA 0 x loo 0.4 

Inhalation NA 0 x loo NA 

Ingestion of Vegetables and 2 x lo4 o x  loo 2 

Ingestion of Meat 1 x 10“ 0 x loo 0.02 

Ingestion of Dairy Products 1 0 x loo 0.2 

Subtotal 2 4 10” .60 

Fruit I 

* !, 

- 
Total Risk/Hazard Index 6 x 10” 60 

‘NA - Not Applicable - Exposure route not evaluated. 

0673 



TABLE E.5-7 

TOTAL RADIOCARCINOGENIC RISKS 
FUTURE SOURCE TERM - CURRENT LAND USE 

OFF-PROPERTY EXPOSURES - GREAT MIAMI RIVER USER 

MediUm 
EXpOSUre 

Route 
Radiocarcinogenic 

Risk 

Surface Water - Great Miami River Ingestion of drinking water 2 lo-’ 

5 x lo4 

1 x 10-8 

2 x 10-l0 

1 x 10% 

Ingestion of vegetables and fruit 

Ingestion of meat 2 x 

Ingestion of milk 

Incidental ingestion while swimming 

Ingestion of fish 

Total Risk 3 lo-’ 

_.. 
. . 9 2 1 ,  . .... . 
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TABLE E.5-8 - -- W 8  TOTAL CARCINOGENIC RISKS AND HAZARD INDICES 
FUTURE SOURCE TERM - CURRENT LAND USE 

OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS 

Off-Property User of Meat and Dairy 
Products 

Medium Exposure Route Radiological Chemical Hazard Index 

Surface soil/exposed pit Ingestion of meat 1 x 10" 8 x 10" 2 

Ingestion of dairy 5 x 10" 7 x 10" 5 

On-property surface Ingestion of meat 6 x lo4 6 x lo4 3 

Ingestion of dairy 3 10-~ 8 lo-' 1 

Subtotal 6 x 10" 2 11 

material 

products 

water 

prodUCts 

Total Risk/Hazard Index a 3 lo3  11 

E-5-29 



TABLE E.5-9 

TOTAL CARCINOGENIC RISKS 
FUTURE LAND USE 

ON-PROPERTY EXPOSURES 

On-Ropcrty 
Adult Panner 

On-Rapeam 
Adult Fanner Home Builder 

~ 

exposure 
Medium Route Radiological Chemical Radiological Chemical Radiological Chemical Radiological Chemical 

Air Inhalation 

Ingestion of 
Vegetables and 
PNit 

Ingestion of Meat 

Ingestion of Dairy 
PrOdUctS 

Buried Pit Penetrating 
Material Radiation 

Indoor Radon 

surface Ingestion 
SoiVExposed Pit 
Material 

Dermal Contact 

External Expsurc 

Ingestion of 
Vegetables and 
PNit 

Ingestion of Meat 

Ingestion of Dairy 
ROdllctS 

1 x 10.2 

2 x  1od 

4 x 10-6 

3 10.5 

1 10.3 

1 x 10' 

4 x lo4 

NA 

2 x 10.2 

g X  1 0 5  

1 x 104 

5 x lo-" 

4 x 

I 103 

2 10.3 

4 x  10-4 

NA 

NA 

1 x 102 

2 10.3 

NA 

2 x lo4 

6 x lod 

7 x 10" 

9 x 10-4 

1 1 0 5  

3 x 10' 

2 x  lod 

2 x 10-4 

NA 

4 10-5 

NA 

4 10-3 

5 x 104 

6 x  lo4 
4 10-~ 

a 

3 x 10-4 

5 x  10-4 

1 x lo-" 

2 x 10-5 

NA 

NA 

8 x 104 

2 x 104 

NA 

4 

6 x lo-' 
5 105 

2 x 104 

1 10-5 

1 10-~ 

8 x 10-6 

2 

NA 

4 10-5 

NA 

3 10-~ 

6 x  lo4 

3 x 104 

1 x 104 

4 x lo4 

3 103 

3 x lo4 

4 x 104 

NA 

NA 

6 x lo3  

3 x  104 

NA 

6 x 10' 

1 x lo4 

8 x lo4 

2 x  10s 

NA' 

NA 

NA 

3 x 104 

NA 

3 x lo-' 

NA 

2 x 104 

NA 

8 x 104 

NA 

NA 

NA 

NA 

NA 

3 10-5 

5 x 104 

NA 

NA 

NA NA 

NA NA 



TABLE E.5-9 
(Continued) 

On-ROpelty RME On-ROpelty a- O n - R O p e l t y ~  
Adult Parmer Adult Farmer Child Home Builder - 

MCdillm Route Radiological Chemical Radiological Chemical Radiological Chemical Radiological Chemical 

Groundwater Ingestion of 7 10-~ 3 x lo2 5 x 104 z X  10.) 4 x 104 8 x NA NA 

DcnnalContact ~~ NA 8 x 10" NA 5 x 104 NA 1 x 10s NA NA 
WhileBathing . 
Ingestion of 2 10.3 1 x 10-2 1 x 10-4 7 x 10-4 2 x 10-4 d X  10.3 NA NA 
Vegetables and 
Pruit 

Drinking water 

Ingestion of Meat 2 105 2 10-3 1 x 1 0 6  1 x 10-4 5 10-7 3 x 10-4 NA NA 

Ingestion of Dairy 2 x lo4 2 x lo4 1 x lo-' 1 10-~ 5 10-~ 2 x 10-4 NA NA 
R o d U c t S  

On-Ropelty Ingestion of Meat 5 x  106 6 x  104 4 x lo7 4 10.7 2 10-7 1 x 104 NA NA 
Surfece water 

Ingestion of Dairy 3 x 10-5 8 x lo7 2 x  104 5 x 10-8 8 x lob 9 x  1W7 NA NA 
R O d U c t S  

Petched Water Ingestion of 7 x lo-' 1 x lo-' 5 x 10-2 1 x 10-2 4 x  lW2 4 x  lo2 NA NA 
Drinking watnb (5 x 1Q')C (1 x 10-')C (5 x 10-2p (4 x 1U2)C (4 x 1U2)C 

Subtotal 4 x 10.2 7 x 10-2 6 x 4 10.3 4 2 x 10-2 3 x 10s 5 x 10-4 
(3 x 1o-2)C (5 x 1o-Z)C (2 x 10.2)C 

(8 x (1 x 10-2)C (2 x 10-2y 
Total Carcinogenic Risk 1 x 10-1 1 x 10-2 2 x 10-2 6 x  lo4 

WA - Not applicable - exposue route not evaluated 
%as not included in totals. 

I . <  

& eCalculated using the one-hit model. 

w rn 
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TABLE EJ-10 

TOTAL HAZARD INDICES 
FUTURE LAND USE 

ON-PROPERTY EXPOSURES 

On-Property On-property Home 
CTAdult RMECldd Builder 

EXPO- on-property 
Medium Route RME AQlt 

Air Inhalation 5 

Ingestion of 280 
Vegetables aad Fruit 

Ingestion of Meat 8 

Ingestion of Dairy 38 
ROdUaS 

3 

150 

5 

1200 

0.3 

NA 

4 

20 

13 

5 10 

NA 

NA 

SurfaceSoiUExposed Ingestion 
Pit Material 

27 12 140 30 

Dermal Contau 7 

Ingestion of 16 
Vegetables and Fruit 

Ingestion of Meat 3 

Ingestion of Dairy 5 
ROdUaS 

Ingestion of Drinking 200 
Water 

Dermal Conma 6 
While Bathing 

Vegetables and Fruit 
Ingestion of 60 

Ingestion of Meat 4 

Ingestion of Dairy 4 
PrOdUaS 

60 

NA 

2 11 

11 2 

1 

3 

5 

66 

NA 

NA 

CrOundWattX 100 630 NA 

3 14 NA 

30 210 NA 

2 

2 

34 

55 

NA 

NA 

Surf= Water - On- Ingestion of Meat 3 
property 

Ingestion of Dairy 1 
ROdUaS 

Perched Water Ingestion of Drinking 6Ooo 
W d  

2 5 NA 

0.7 150 NA 

3100 17.000 NA 

Total Hazard Index 670 340 3100 90 

%A - Not applicable - Exposure route not evaluated. 
h o t  included in total hazard indices. 



- 
TABLE E.5-11 

SUMn 4RY OF TOTAL CARCIF-OGENIC RISKS 
FUTURE SOURCE TERM 

MAXIMALLY EXPOSED INDIVIDUALS 

On-property RME Resident Adult Farmer Off-Property RME Resident Adult Farmer 

Radiocarcinogenic Chemocarcinogenic Radiocarcinogenic Chemocarcinogenic 
Risk/Major Risk/Major Risk/Major RiWMajor 

MediUlIl 96 Total Risk Contributors (a) Contributore (%) 96 Total Risk Contributors (96) Contributors (%) 

4 

Th-230 56 Arsenic 100 
U-238 19 
u-234 7.2 

~ ~~ 

Th 230 59 Nickel 65 
U-238 23 Arsenic 35 
u-234 8.1 

Buried Pit Material 4% 1 10" NA" NA NA NA 

FJ Surface Soil/ 30% 2 x 10-2 1 x 10-2 NA NA NA 

G W Exposed Pit 
Contents 

Th-232 60 Arsenic 69 
Ra-226 32 Aroclor-1254 8.5 
U-238 2.7 Beryllium 7.7 

Groundwater 49% 9 4 x 10" 12% 7 x lo4 
U-238 88 Arsenic 100 
u-234 10 
U-235 2 

U-238 86 NA 
U-234 10 
U-235 2.4 

Surface Water 4% 4 10-~ 7 x 10-6 NA NA NA 

U-238 39 Arsenic 100 
TC-99 28 ' 

CS-137 21 

NA NA 

3 

"NA - Not applicable. 
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TABLE E 5 1 2  

SUMMARY OF TOTAL HI 
FUTURE SOURCE TERM 

MAXIMALLY EXPOSED INDIVIDUALS 

On-Property RME Resident Child On-Property RME Resident Adult Fanner 

Medium 
Percent of HWajor percent of HI/Major 
Total HI Contributors Percent Total HI Contributors percent 

Air 56 1700 49 330 

UraniUm 94 
Arsenic 4 

Zinc 1 

Uranium 94 
Arsenic 5 

Surface SoiVExposed Pit Material 8 230 9 60 

Groundwater 

Arsenic 56 
Silver 18 

Antimony 5 

Alsenic 43 
Antimony 27 
Uranium 1 1  

30 940 41 270 

Surface Water 

59 UraniUm 6 0 ,  Uranium 
Arsenic 27 Arsenic 29 

Antimony 8 Antimony 8 

5 160 1 4 

Silver 87 
Zinc 14 

'NA = Not applicable 

Zinc 93 
Silver 5 
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E.6.0 UNCERTAINTIES 

The types and magnitudes of uncertainties associated with each stage of the process are of major 
importance for evaluating and interpreting risk assessments at the FEW. Uncertainties associated 
with calculations that occur in the risk assessment may be magnified in the final results. While it is 
not possible to eliminate all uncertainty from the analysis, it must be identified and discussed to 
determine their significance when making risk management decisions. This section presents an 
analysis of the major uncertainties contributing to the final results of the Operable Unit 1 baseline risk 
assessment. 

E.6.1 TERMINOLOGY 
This section introduces the evaluation of uncertainties inherent in the risk assessment process. 
Uncertainty is a measure of inaccuracy that must be considered in each step of the CPC selection 
process, exposure and toxicity assessments and risk characterization presented in the preceding 
sections. Each portion of the analysis contributes to the uncertainty of the final risk assessment. 
Uncertainty in B C  selection is primarily associated with the analytical data and procedures used to 
include or exclude constituents as CPCs. Uncertainty associated with the exposure assessment includes 
variations in sample analytical results, the values used for variables as input to a given intake route, 
the methods used and assumptions made to determine exposure point concentrations, the accuracy with 
which a particular fate and transport model represents actual environmental processes, and the manner 
in which the exposure scenario is developed. Uncertainty associated with the toxicity assessment 
includes the quality of the existing data to support a dose-response assessment, the high-to-low dose 
and interspecies extrapolations for dose-response relationships, and the weight of evidence Used for 
determining the carcinogenicity of CPCs. . Uncertainty associated with risk characterization includes 
that associated with exposure to multiple chemicals (Le.. additivity of dose, synergisms and 
antagonisms among chemicals, and the particular mode of action for each chemical), and the 
cumulative uncertainty from combining conservative assumptions made in the data, exposure 
assessment, and toxicity assessment. Each of these categories of potential uncertainty is discussed in 
this section. 

Generally, risk assessments cany two types of uncertainty, measurement and informational uncertainty; 
each merits consideration. Measurement uncertainty refers to the usual variance that accompanies 
scientific measurements (e.g., instrument uncertainty associated with contaminant concentrations). This 
type of uncertainty is generally associated with the analytical data, which impacts CPC selection and 
calculation of exposure point concentrations. The risk assessment results reflect the accumulated 
variances of the individual measured values used. A different kind of uncertainty stems from 
inadequate availability of information needed to complete the toxicity and exposure assessments. 
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' 1  
4F8 

Often &is informational gap is significant, such as the absence of information on the effects of human 
exposure to low doscs of a chemical or on the biologicid mechanism of action of an agenit 
@PA 1992d). 3 

2 Y  

Once the risk assessment is complete, the results must be reviewed and evaluated to identify the type 
and magnitude of uncertainty involved. Reliance on results from a risk assessment without 
consideration of uncertainties, limitations, and assumptions inherent in the risk assessment process can 
often be misleading. For example, to account for uncertainties in the development of exposure 
assumptions, conservative estimates must be made to ensure that the particular assumptions made are 
protective of all  sensitive subpopulations, or maximum exposed individuals. If a number of 
conservative assumptions are combined in an exposure model, the resulting calculations can propagate 
the uncertainties associated with those assumptions, producing a much larger uncertainty for the final 
results. Thus, both the risk assessment's results and the uncertainties associated with those results 
should be considered when making risk management decisions. 
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This interpretation is especially relevant when resulting risk numbers exceed the point-ofdeparture for - 14 

defining acceptable risk. For example, when risks are calculated that incorporate a high degree of 

of 109, the interpretation is easy and very straight forward. However, when calculated risks 

15 

16 

17 

l8 
19 

uncertainty fall below an acceptable risk level (e.g., below an incremental lifetime cancer risk [ILCRI 

incorporate a high degree of uncertainty fall above an acceptable risk level (e.g.. below an ILCR of 

calculations. 20 

lo4), a conclusion can be difficult to make unless it considers all of the uncertainties inherent in the 

The actual risk may be one, two. or even three orders of magnitude smaller than the one calculated. 
which could lead risk managers to make a decision which is unnecessarily protective. This situation 
may occur in a Superfund risk assessment when the estimated risk were based on limited information 
for the calculational parameters, conservative assumptions on lifestyles and land-use scenarios, and 
maximum or near-maximum values for many of the modeling and exposure variables to ensure that 
the risks are not underestimated. The combination of conservative assumptions over a number of ateas 
often results in high risk values as a result of high uncertainty. Characterization of risk based on 
overly conservative model parameters, scenarios, and assumptions does not convey realistic 
information and is often misleading if reviewed out of context. A risk estimate for an Rh4E individual 
in a Superfund risk assessment has been frequently mistakenly viewed as an average risk to the 
receptor population being evaluated (EPA 1992d). 

Such conservatism has been incorporated into the RME scenarios for Operable Unit 1 risk assessment 
Although it is possible that the exposure, dose, and sensitivity combinations assumed might occur in 
the receptor population of interest, the probability of an individual actually receiving this degree of 
exposure is expected to be low. 0683  
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Recent EPA guidance on risk assessment (EPA 1992d) qu i r e s  risk assessors to use exposure and 
toxicity assumptions that are from the "high end" and "central tendency" of their distributions. These 
values correspond to the reasonable maximum exposure @ME) and central tendency (cr) scenarios, 
respectively, for the risk assessment. The RME scenario is to be a combination of average and upper- 
bound assumptions that estimate the reasonable maximum exposure for that pathway. The multing 
risk for the RME scenario is assumed to fall between the average (i.e., the CT scenario) and the upper- 
bound scenario (a scenario that is based on all maximum values). The CT scenario is a combination 
of a l l  average and median values for exposure parameters that provide an estimate of average risk 
posed to the receptor population being considered. It should be noted here that the (X scenario used 
in Operable Unit 1 uses many maximal values at the request of EPA Region V. The purpose for 
consideration of risks from both the CT and RME scenarios is to provide bounds on the expected risks 
posed by the site. 

The ultimate goal of the risk assessment process is to provide an objective, realistic. and balanced risk 
estimate for making a risk management decisions at the FEW. In the past, Superfund risk 
assessments based on the "Risk Assessment Guidance for Superfund" (EPA 1989a) yielded calculated 
risks only for RME scenarios. In an attempt to incorporate this concept into the risk assessments of 
FEMP, the risk assessment for Operable Unit 1 includes an additional scenario considering some 
average assumptions for the on-property resident adult. Based on the future land-use scenario, the on- 
property resident adult constitutes the most important receptor since they have the highest risk. This 
attempt at characterizing the (X scenario side-by-side with the RME scenario serves to present a more 
realistic estimate of the range of possible risk for this receptor. Efforts will continue to incorporate the 
guidance as more exposure data at the FEMP become available and the additional guidance' on 
estimating CT is completed by EPA. 

E.6.2 SOURCES OF UNCERTAINTY IN OPERABLE UNIT 1 
As noted previously, uncerrainties are associated with the information and data used for the selection 
of CPCs, exposure and toxicity assessments, and risk characterization for the Operable Unit 1 baseline 
risk assessment. Uncertainty in the selection of CPCs is associated with the analytical data. In the 
exposure assessment, these uncertainties are the result of a number of factors, including assumptions 
on land use and receptors, assumptions made for parameters and parameter variability (random emrs  
or natural variations), and the necessity of using computer models to predict complex environmental 
interactions. Uncertainty associated with the toxicity assessment is associated with the dose-response 
data. As EPA has pointed out in their guidance for human health risk assessments, "it is more 
important to identify the key site-related variables and assumptions that contribute most to the 
uncertainty than to precisely quantify the degree of uncertainty in the risk assessment" (EPA 1989a). 
Uncertainties are evaluated in this section to provide a basis for interpreting the overall quality of the 
risk assessment results. Sources of uncertainty are discussed below. 

1 .I 5 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 

23 

24 

25 

26 

n 
2n 

29 

Ut 

31 

32 

33 

34 

35 

36 

f ,  

E-6-3 0684 



FEMP-01RI-4 D M  
October 12.1993 

E.6.2.1 Selection of Constituents of Potential Concern 
Uncertainty associated with the sc:ection process used ta dctennine the CPCs in Operable Unit 1 a n  
be attributed to the following sources: 

Soil and groundwater data do not exist for the area directly beneath the waste pits and 
were infemd from indirect data sources. Data taken from adjacent brings and wells 
were used to estimate these conditions. These data were also used to determine which 
constituents are migrating toward the aquifer, and at what rate this migration is 
occumng. 

Sample results from the RWS and CIS sampling programs could not be combined, and, 
therefore, were evaluated separately in the data evaluation process. Each sampling and 
analysis program identified chemicals that were not identified by the other. This 
introduces uncertainties in the presence or absence of some of the chemicals reported 
and limits that data that is used to statistically determine source concentrations. 

CIS samples taken from the split-spoon sampler were immediately dissected into discrete 
depth samples for radiological analysis. Composites of the remaining soil were made in 
the open air ahd placed into sampling containers. As a result, concentrations of volatile 
chemicals may be underestimated since they may have volatized during this sampling 
procedure. 

Evaluation of the existing data raises the question as to whether all pockets of elevated 
contamination have been identified. In general, it is believed that they have been 
identified for most radionuclides at the FEW because CIS sampling locations were 
generally biased, based on high radiation measurements in the field. This is panicularly 
important because risks from radionuclides dominate the overall risks to al l  receptors 
evaluated in this risk assessment. No conclusion can be drawn for chemical constituents 
detected on the property. 

Sample analytical techniques produce results that have an unknown degree of 
uncertainty associated with them. These uncertainties are documented by using data 
qualifiers to reflect the assumed degree of certainty of measurement. These analytical 
uncertainties affect the selection of CPCs or the calculation of exposure point 
concentrations (either measured or modeled) that may be based on a particular analytical 
result. 

Concentrations of inorganics and radionuclides are compared to background 
concentrations to determine if their presence is do to naturally occumng concentrations 
from native soils or are due to site activities. However, sampling procedures for 
groundwater and air used to determine background concentrations have high detection 
limits. A chemical that was not detected during background sampling could result in the 
erroneous inclusion of a chemical from those selected for further evaluation. 

The FU organics data for the waste pit material were rejected during validation because 
of holding time problems and sampling techniques. However, several compounds were 
noted, and the exclusion of these compounds as CPCs may underestimate risks. 

A limited number of samples exists for some media for a number of waste pits. A 
limited database has a potential to introduce either false positives (i.e., introducing 
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constituents as B C s  that are not site related) or false negatives (i.e.. screeni 
constituents that are site related and could contribute to site risks) into the selection of 
C P C S .  3 

1 

2 

The cumulative impacts of these uncertainties on the results of the exposure and risk assessments are 

judged to be low to moderate &e., are assumed to result in over or underestimation of risk by an order 
of magnitude or more). This is because a few constituents contribute the majority of the cancer risk 
for most receptors. Two examples are external radiation exposure from U-238 and its immediate 
progeny, and arsenic in water. Risks from these constituents each exceed 10" by themselves. The 
relative contributions of these two constituents to the total risk are so significant that a change in the 
total risk would be slight if other chemicals were added or deleted from the list of CPCs selected for 
evaluation in this risk assessment, 
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E.6.2.2 Uncertaintv in Exwsure Assessment 12 

Sources of uncertainty for the exposure assessment arise from selection of calculation of exposure 
point concentrations, selection of receptors, determination of land use scenarios and selection of 
exposure factors. 15 

1 
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14 

E.6.2.2.1 Exwsure Point Concentrations 16 

Uncertainty associated with calculation of exposure point concentrations in Operable Unit 1 can be 17 

attributed to the following sources: , 18 

The material in the waste pits has been determined to be very heterogeneous in nature. 19 

In the effon to obtain radiological samples at the most contaminated locations, a m 
radiological survey of the study area was conducted. Waste pit borings were placed at 
the locations having the highest gross radiation measurements. Selection of sampling 
locations in this way leads to a positive bias in the calculation of exposure point 
concentrations for certain radionuclides and uncertainty in the representativeness of the 
samples. 25 

21 

22 

23 

24 

According to the "Risk Assessment Guidance for Superfund" (EPA 1989a), the UCLs 
are used for all exposure concentrations. This means that 95 percent of the time, the 
actual mean concentration can be less than the value used in the exposure assessment 
Conversely, 5 percent of the time the actual mean concentration can be greater than the 
value used in the exposure assessment. Therefore the exposure assessment may 
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underestimate the exposures in 5 percent of the cases, and overestimate exposures 95 31 

percent of the time. 32 

A limited number of samples for some waste pits introduces high uncertainty in the 
determination of exposure point concentrations for some compounds. 
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Sample analytical techniques produce results that have a degree of uncertainty associated 
with them. These uncertainties are documented by using data qualifiers to reflect the 
degree of uncertainty of measurement. These analytical uncertainties affect the exposure 
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point concentrations (either measured or modeled) that may be based on a particular 
analytical result. 

There is also large uncertainty when exposure concentrations were based on the 
maximum detected concentration. The conservative approach was taken in the statistical 
interpretation of the RI and CIS data bases (Le., if less than four detections, the 
maximum concentration is used as the representative), and may result in an 
overestimation of the concentrations to which a receptor could be exposed. 

predicted concentrations were used as exposure point concentrations when measured data were not 
available (e.g., the future). These predictions were made using mathematical representations (models) 
of the natural systems found or suspected to exist in the study area. Due to the complexity of natural 
environments, conservative assumptions were often used in these models to calculate exposure point 
concentrations. When a number of conservative assumptions are combined into one fate and transport 
model, the uncertainties are compounded and provide very conservative estimates of the exposure 
point concentration. These assumptions are typically made to avoid underestimating the concentrations 
of contaminants in transport or exposure media (e.g., air or groundwater). As a result, transport 
parameters a~ chosen from the upper bound of possible alternative values. Thus the uncertainties 
associated with modeled concentrations are generally much larger than those associated with measured 
data. Uncertainties associated with modeled exposure point concentrations in Operable Unit 1 can be 
attributed to the following sources: 

The geochemical model has several sources of uncertainty associated with i t  The 
conceptual model assumes that mineral phases represent the actual solid phases of a 
chemical in the waste material. In addition, the geochemical model assumes dissolution 
and precipitation kinetics are instantaneous, and it does not evaluate adsorption 
processes. This leads to estimates of concentrations that are too high or too low. 

A limited number of organic chemicals can be accommodated by the geochemical model 
used to determine Leachate B concentrations in the till. This leads to low estimates of 
leachate concentrations for some inorganic constituents if complexation occurs with 
organic chemicals not present in the database. 

Total contact between the waste and the leaching fluid and no containment of the 
leachate concentrations are assumed. This produces higher estimated concentrations of 
Leachate B available for transport to the aquifer than would be anticipated under actual 
conditions. This uncertainty is reduced by the availability of in situ leachate 
concentrations for most chemicals in most sources. 

Use of Toxicity Characteristic Leaching Procedure (TCLP) data to characterize leachate 
concentrations in the natural environment adds conservatism to the groundwater fate and 
transport modeling process because TCLP leaching is performed with an acidic solution. 
This tends to overestimate the leachate concentration of inorganics over natural (more 
neutral) leaching conditions. 

The selection of parameters related to the attenuation and retardation of constituents is a 
major uncertainty in the analysis. The attenuation and retardation factors of every 
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constituent except uranium were determined after an extensive literature search. It 
should be noted here that the actual retardation factors at the FEMP may not follow the 
assumed literature values, particularly over the long tern. Site-specific attenuation and 
retardation factors are used when available. The use of site-specific values are assumed 
to result in lower uncertainty than using literature values. 

The organic decay rates at the FEMP were determined after an extensive literature 
search. The actual decay rates may or may not follow the assumed literature values 
because of site-specific conditions. The use of site data to determine organic decay rates 
is assumed to result in lower uncertainty than that resulting from the use of literature 
values. 

Transport through the vadose zone is approximated by using a one-dimensional model 
and assuming the zone is homogeneous. The unsaturated seepage flow rate is a function 
of several parameters, such as porosity. residual saturation, and pore size distribution 
index. Due to the heterogeneous nature of the till, these parameters change from 
location to location and from depth to depth. 

The total mass of each contaminant is calculated by multiplying the UCL by the volume 
of the entire waste area. thus assuming the UCL concentration is uniformly distributed 
through the entire source. 

The fate and transport modeling used a "70-year rule" for these constituents where no or 
inadequate leachate data exist. This "rule" assumes all the chemical leaches from a 
particular waste unit in 70 years. This method is considered very conservative for 
compounds that are insoluble but may underestimate the maximum exposure for soluble 
compounds. The application of this procedure in a risk assessment primarily effects 
systemic toxicants, four of which were evaluated in the Operable Unit 1 baseline risk 
assessment (benzo[g,h,i) fluoranthene, benzo[g,h,i]perylene, fluoranthene, and 
phenanthrene). However, the application of this methodology to these constituents is 
considered conservative because these particular compounds have rather low solubilities 
and high partitioning coefficients. PAHs, in general, contribute an insignificant 
proportion to the total hazard index. Therefore, the application of this assumption is 
assumed to have a low impact on the risk assessment. 

Air modeling is based on a number of conservative assumptions. In combination these 
assumptions appear to overestimate the exposure point concentrations for air based on 
site air monitoring data and according to a literature search for typical ambient air PM,, 
measurements for €PA Region V. The long-term average PM,, concentrations 
calculated are comparable to measured dust concentrations on constructions. This 
uncertainty is expected to moderately overestimate risk (Le., overestimate risks by 1 to 2 
orders-of-magnitude). 

Contaminant concentrations for the surface soil over Waste Pits 1-4 is not available. Air 
modeling is performed assuming that soil concentrations over the pits is equal to 
contaminant levels of surface soil between the pits. The impact of this assumption is 
assumed to be low. 

The future configuration of the waste pits is uncertain at this time; thus, a reasonable 
worst-case configuration is used to determine source concentrations for both air and 
surface water modeling. If the actual configuration differs drgq@ used in this 
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evaluation, the future source concentrations may change and the models will have 
incorrectly estinrared expsure point concentrations. 

The tramport models individually made assumptions regarding the fate of individual 
constituents within source media. However. these models were not combined or Linked 
to consider assumptions made regarding depletion of chemicals from one model and the 
effect of that assumption on another model (Le., the leaching models did not consider 
source depletion from volatilization or fugitive emissions and the air emissions models 
did not consider losses via leaching). Furthermore, the direct exposure pathways to a 
particular source (i.e., incidental ingestion of surface soil) did not consider source 
depletion by leaching, surface water transport. or air emissions. Consequently, this 
assumption is considered very conservative. 

These uncertainties for modeling collectively are assumed to moderately overestimate the 
concentrations expected in groundwater and for aerial deposition (Le.. overestimate concentration and 
risk by a factor of one to two orders of magnitude). 

Models were also used to calculate chemical concentrations in plants and animals. Each time 
mncenmtions at one level in the food chain are extrapolated from a lower level, uncertainty is 
introduced into the result. For example, soil-to-plant transfer factors (B, values) generally represent 
the maximum amount of contaminant .transfer that may occur. In reality, the contaminant transfer is 
quite dependent on the form of the constituent (e.g., metal species) and other site-related physical 
conditions (e.g., soil type). Thus actual site m f e r  factors are unknown. The values chosen are 
intended to be conservative and they are likely to overestimate risk. 

E.6.2.2.2 Determination of Land Uses 
A major uncertainty associated with predicting future exposures at the FEW is the future disposition 
of the property itself. Because it is not possible to accurately predict what the future uses of the land 
may be the most conservative (rather than the most likely) land use is evaluated, as stipulated by the 
National Oil and Hazardous Substances Pollution Contingency Plan (NCP). As noted in Section E.3.0, 
one of the on-property residents evaluated under future land use for Operable Unit 1 is the resident 
farmer. It is unlikely that the waste pits and surrounding soils could suppon a viable agricultural 
receptor. but the assumption of the resident f m e r  for future land use provides a worst-case scenario 
regarding future land use in the exposure assessment. 

E.6.2.2.3 Selection of Receptors 
The receptors selected for evaluation in this assessment have been generally selected to reflect and 
encompass those types of activities which may produce the reasonable maximum exposure individual. 
Some of these receptors, such as the on-property resident farmer living on the open waste pit, can 
possibly exist in the future but this scenario is considered very unlikely based on the use of this area 
for waste disposition. Risks from such a receptor may overstate probable risk from future use of the 
property when considered against more plausible land use alternatives. Uncertainty associated with the 
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selection of ~eceptors in the current land use scenario is assumed to be low (over- or underestimate 
risks by a one order of magnitude or less) because the cumnt site environmental setting and 
configuration was the basis for selection of these receptors. Uncertainty associated with receptors 
identified in the future land use scenario is high (Le., potential to overestimate risk by two or more 
orders-of-magnitude) due to the low probability of the site being used as a residence or for agricultural 
purposes. 

E.6.2.2.4 Determination of Exwsure Factors 
Each exposure factor selected for use in this risk assessment has some uncertainty associated with it. 
Generally these factors are based on surveys of physiological and lifestyle profiles across the United 
States. The aaributes and activities studied in these surveys generally have a broad distribution. To 
avoid the underestimation of exposure, this risk assessment followed EPA's recommendation and used 
the 95" percentile for most of the exposure parameters used in this risk assessment. In other words, 
the values selected represent the observed or expected habits of a small percentage of the population 
(usually the upper 5 or 10 percent). For example, the resident fanner scenarios were assumed to 
inhale air at the location of the highest annual average concentration for 350 days per year for 70 
years. Seventy years represents the maximum exposure duration and is not based on a statistical 
assessment of local or regional residence time for farm families. 

Generally, the uncertainty can be assessed quantitatively for a number of assumptions made in 
determining factors for calculating exposure and intakes. Many of these parameters were determined 
from statistical analyses on human population characteristics. Often the database used to summarize a 
particular exposure parameter (i.e.. inhalation rate) is quite large. Consequently, the values 'chosen for 
such variables in the RME scenario have low uncertainty (i.e.. over or underestimate risks by one 
order of magnitude or less). For many parameters for which limited information exists (i.e., dermal 
adsorption of organic chemicals from soils), there is greater uncertainty. However, there is often 
sufficient data to estimate these parameters with low uncertainty. Few intake parameters have high 
uncertainty associated with them. In the risk assessment for Operable Unit 1, the particular exposure 
parameters with the greatest uncertainty are judged to be those associated with time (combination of 
frequency and duration on the site). The particular exposure pathways with the combination of 
exposure parameters with the highest uncertainty is dermal contact, which is assumed to result in 
moderate uncertainty (over- or underestimate actual exposure by one to two orders of magnitude) for 
exposure. 

Many of the quantities used to calculate exposures and risks in this report are selected from a 
distribution of possible values. For the RME scenarios, the value representing the 95th percentile is 
generally selected for each parameter to assure that the assessment bounds the actual risks from a 
postulated exposure. This risk number is used in risk management decisions. but does not indicate 
what a more average exposure might be, or what risk range might be expected for individuals in the 0 
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exposed population. To address these issues, a risk estimate closer to the cenval tendency is presented 
for the maximally exposed individuf using *e 
risk for this receptor from the CI' scenario to the RME scenario seeks to incorporate the range of 
uncertainty regarding intake assumptions for this receptor. 

scenario described in Section E.3. "he ?age of 

E.6.2.3 Toxicity Assessment 
Uncertainty associated with the toxicity assessment is associated with hazard assessment and dose- 
response evaluations for CPCs. The hazard assessment deals with characterizing the natllre and 
strength of the evidence of causation, or the likelihood that a chemical that induces adverse effects in 
animals will induce adverse effects in humans. Hazard assessment of carcinogenicity is evaluated as a 
weight-of-evidence determination, using either the IARC (1987) or EPA (1986b) methods. Positive 
animal cancer test data suggest that humans contain tissue(s) that may also manifest a carcinogenic 
response; however, the animal data cannot necessarily be used to predict the target tissue in humans. 
In the hazard assessment of nonchcer effects, however, positive animal data suggest the nature of the 
effects (Le.. the target tissues and type of effects) anticipated in humans (EPA 1989i). 

Uncertainty in hazard assessment arises from the nature and quality (sensitivity and selectivity) of the 
animal and human data. Uncertainty is decreased when similar effects are observed across species, 
strain, sex, and exposure route; when the magnitude of the response is clearly dose-related; when 
pharmacokinetic data indicate a similar fate in animals and humans; when postulated mechanisms of 
toxicity are similar for humans and animals; and when the CPC is structurally similar to other 
chemicals for which the toxicity is more completely characterized. A unique source of uncertainty in 
cancer hazard assessment involves the relevance of liver tumors in strains of mice with a high 
background incidence, especially when these tumors provide the only positive response (Scala 1991). 
Many chlorinated organic chemicals in EPA cancer weight-of-evidence Group B2 fall into this 
category. 

. 

Uncertainty in the dose-response evaluation includes the determination of a slope factor for the 
carcinogenic assessment and derivation of an RfD or RfC for the noncarcinogenic assessment. 
Uncertainty is invoduced from interspecies (animal-to-human) extrapolation, which, in the absence of 
quantitative pharmacokinetic, dosimetric, or mechanistic data, is usually based on consideration of 
interspecies differences in basal metabolic rate. Uncertainty also results from intraspecies, or 
individual, variation. Most toxicity experiments are performed with animals that are very similar in 
age and genotype, so that intragmup biological variation is minimal, but the human population of 
concern may reflect a great deal of heterogeneity including unusual sensitivity or tolerance to the CPC. 
Even toxicity data from human occupational exposure reflect a bias because only those individuals 
sufficiently healthy to attend work regularly and those not unusually sensitive to the CPC, are likely to 
be occupationally exposed. Finally, uncertainty arises from the quality of the key study (from which 
the quantitative estimate is derived) and the database. For cancer effects, the uncertainty associated 
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i 
with dose-response factors is mitigated by assuming the 95 percent upper bound for the slope factor. 
Another source of uncertainty regarding quantitative risk estimation for the carcinogenic assessment is 
the method by which data from high doses in animal studies are extrapolated to the dose range 
expected for envimnmentally exposed humans. The linearized multistage model, which is used in 
nearly al l  quantitative estimations of human risk from animal data, is based on a nonthreshold 
assumption of carcinogenesis. An impressive body of evidence, however, suggests that epigenetic 
carcinogens. as well as many genotoxic carcinogens, have a threshold below which they are 
noncarcinogenic (Williams and Weisburger 1991); therefore, the use of the linearized multistage model 
is conservative for chemicals that exhibit a threshold for carcinogenicity. 

For noncancer effects, additional uncertainty factors may be applied in the derivation of the RfD or 
RfC to mitigate poor quality of the key study or gaps in the database. Additional uncertainty for 
noncancer effects arises from use of an effect level in the estimation of an RfD or RfC. because this 
estimation is predicated on the assumption of a threshold below which adverse effects are not 
expected. Therefore, an additional uncertainty factor is usually applied to estimate a noeffect level. 
Additional uncertainty arises from estimation of an RfD or RfC for chronic exposure from less than 
chronic data. Unless empirical data indicate that effects do not worsen with increasing duration of 
exposure, an additional uncertainty factor is applied to the no-effect level in the less than chronic 
study. Uncertainty in the derivation of reference doses is mitigated by the use of uncertainty and 
modifying factors that normally range between three and ten. Uncertainty factors (W) and modifying 
factors 0 are assigned as follows: 

A UF of ten is used to account for sensitive subpopulations. 

A UF of ten is used when extrapolating from animals to humans to account for 
interspecific variability. 

A UF of ten is applied to a NOAEL (no observed adverse effect level) derived from a 
subchronic study rather than a chronic study. 

A UF of ten is applied to a LOAEL (lowest observed adverse effect level) to estimate a 
NOAEL. 

An MF from >o to ten is applied to data to reflect the quality of the data from the 
critical study used to derive the reference dose. 

As a result, a combination of uncertainty and modifying factors may exceed 100, 1OOO. or more for a 
particular compound. These uncertainty factors are discussed in Section E.4 for the CPCs in Operable 
Unit 1. 

Uncertainty arises in the dose-reqxhk assessment for Operable Unit 1 for values derived for principle 
C p c s  from studies with limitations. As an example of this type of uncertainty. consider the toxicity 
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information for uranium. Uranium as an alpha particle emitter is also considered a carcinogen; 
however, epidemiological evidence of urzium-indud excess c m c a  risks m very difficult to o b .  
This is largely because the human data available for radiocarcinogenic effects of uranium exposure are 
for underground miners, who are also simultaneously exposed to radon and radon progeny as a 
confounding factor. The studies of humans sometimes lack information concerning uranium exposure, 
potential ufanium exposure through previous employment, concurrent smoking pattern, or concurrent 
radon exposure levels that are needed to more definitively determine the risk attributable to uranium 
exposure. The human studies of cancer from exposure to uranium frequently reveal a slight excess 
risk above the natural risk These facts weaken the power of the human studies to detect any excess 
risk. These uncertainties are not well known or easily determined and, as a consequence. introduce 
moderate to high uncertainty into the Operable Unit 1 risk assessment. 
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Other toxicity information used in the Operable Unit 1 risk assessment that introduces uncertainty 12 

include: 13 

The EPA inhalation slope factor of 7.7 x lo-’* pCi-’ for Rn-222 plus its daughters is 14 

IS 
16 

17 

used to calculate risks resulting from indoor inhalation of radon gases. The EPA bases 

daughters. Studies cited in NCRP Report No. 78 (NCRP, 1984) report a lower value for 
this slope factor on a 50% equilibrium ratio between Rn-222 and its short-lived 

:: 4 this equilibrium ratio in indoor air (Le.: 100/50/30/20/20 for Ra-222, Po-218, Pb-214. 
Bi-214. and Po-214. respectively). Since the concentration of daughters expected in 
indoor air is lower than the EPA assumption, the slope factor is probably conservative in m 
this respect. 21 

PAHs that are classified as B2 probable human carcinogens for which no toxicity data 
were available are evaluated using benzo(a)pyrene toxicity data. This assumption likely 
leads to an overestimation of the carcinogenicity of those PAHs because consewative 
assumptions were used to relate their carcinogenicity to that of benzo(a)pyrene. 
However. when toxicity equivalency factors were used in this assessment to evaluate 
their carcinogenicity. this may either underestimate or overestimate the carcinogenic 
risks. Overall, this increased conservatism does not significantly impact the overall risks 
from Operable Unit 1 since the majority of risks are posed by other CPCs. 

The only PCB with positive carcinogenicity results is Aroclor-1260. The 
carcinogenicity of a l l  PCB isomers were assumed to be equal to the carcinogenicity of 
Aroclor-1260 because the dose-response data for other isomers are inconclusive. 
Statistically significant cancer results were not seen for Aroclors with lower percentages 
of chlorination. The consetvatism introduced in the evaluation of PCBs is not 
anticipated to impact the selection of C p c s  for final risks because they did not exceed 
the concentration-toxicity screen. 
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As with PAHs, the carcinogenicity of dioxins and furans other than the 2,3,7,8-isomer 37 

were determined using EPA’s revisefl. Toxicity Equivalency Factors (TEFs) (EPA 199Od) 
in the absence of toxicity values for the-’different isomers (EPA, 199Od). The TEFs are 
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based on the assumption that all dioxin and furan congeners are carcinogenic. This may 
introduce a large bias to the results of the assessment. 

1 

2 

A significant source of uncextainty for calculating risks from radionuclides in surface soil is the use of 
EPA slope factors for extemal radiation exposure. In deriving these slope factors, EPA has assumed 
that an individual continuously stands on an infinitely thick slab of soil with a uniform radionuclide 

has assumed that the activity in the slab source is present on an infinite plane with uniform surface 

exposures (and associated risks of cancer incidence) from the hypothetical plane source. 

3 
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concentration. To manage complicated calculations for photon attenuation and scattering in soil, EPA 

concentration. The slope factors for extemal radiation exposure are, therefore, based on calculated 

In addition, EPA calculates slope factors for ingestion of many radionuclides using the maximum 
value for the GI absorption factor. The actual chemical fon(s) that influence the magnitude of the GI 
absorption factor have not been considered. 

10 

I 1  

12 

To summarize, the uncertainty associated with the toxicity assessment is chemical-specific since it 13 

14 

15 

16 

17 

depends on the existing information used to derive the dose-response factor. In general, this 
uncertainty tends to be more high (overestimate risks by two or more orders of magnitude) for the 
chemical risk assessment, but tends to be low (overestimate risks by an order or magnitude or less) for 
radionuclides. This difference is the result of animal versus human data used for chemical and 
radiological compounds, respectively. I8 

E.6.2.4 Risk Characterization 19 

Uncertainty in risk characterization results fmm assumptions made regarding additivity of effects from m 
exposure to multiple compounds from various exposure mutes. High uncertainty exists when summing 
cancer risks or hazard indices for several substances acmss different exposure pathways. This assumes 
that each substance has a similar effect and/or mode of action. Often compounds affect different 
organs, have different mechanisms of action, and differ in their fate in the body where additivity is not 
appropriate. However, the assumption of additivity is made to provide a conservative estimate of risk. 

21 
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Risk characterization does not consider antagonistic or synergistic effects. 
available to determine the potential for antagonism or synergism for CPCs. Therefore. this uncertainty 
cannot be discussed based on the impact on the risk assessment since it has the potential to either 
over-or underestimate potential human health risks. 

Little to no information is 26 
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The additivity of risks from radionuclides and chemical carcinogens is the subject of considerable 
EPA guidance @PA 1989a) indicates that the two sets of estimates should be considered 
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debate. 
separately because 1) chemical CSFs are developed using laboratory experiments and radionuclide 
toxicity values are based on human epidemiological data, and 2) chemical CSFs represent an upper 
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bound limit value while radionuclide slope factors are "best estimates." Therefore, cancer risks from 
expos- to radionuclides m presented separately from those from chernicai WCs. 

E.6.3 SUMMARY OF UNCERTAINTIES IN OPERABLE UNIT 1 BASELINE RISK 
ASSESSMENT 4 

3 

Uncertainties encountered during the preparation of this assessment vary from waste pit to waste pit 

listed in these tables are shared between operable units, others are limited to a few of the waste pits. 
Table E.6-1 presents a qualitative evaluation of the uncertainties described in the preceding sections. 

5 

6 

1 

8 

because their individual physical and chemical characterizations vary. While many of the uncertainties 

Although uncertainties arise from many sources, those deriving from the toxicity assessment (Le., 
determination of dose-response factors) provide the greatest uncertainty for the chemical risk 
assessment because few chemical dose-response factors are based on human epidemiological studies. 
Thus, extrapolations from animal studies must be made. For the radiological assessment, the greatest 
uncertainty arises from the exposure assessment where exposure point concentration are often based on 
the maximum reported analytical result, and where conservative assumptions were made regarding 
future land uses and exposure scenarios. Unlike chemical toxicity data, radiological dose-response 
factors are derived from human studies which is assumed to result in lower uncertainty. 

Generally, uncertainty arises wherever data gaps exist. Data gaps in the risk assessment were 
mitigated by making conservative assumptions for individual parameters. Significant uncertainty 
results for those particular pathways that required fate and transport modeling to support the 
assessment of exposure. Such uncertainty was generated for the air and groundwater pathways of 
exposure. Thus. interpretation of risk from these media must consider the high uncertainty. Also, 
certain exposure pathways for a particular medium tend to have higher or lower uncertainty depending 
on their assumptions. For example, incidental ingestion of soils by residents tends to have 
significantly less uncertainty than ingestion of fruits and vegetables, and meat and milk raised on 
~ ~ N a m i ~ t e d  soils. These latter exposure pathways must make some assumptions regarding their 
uptake from soil to plant and plant to live stock while the soil ingestion pathway does not. 

__ 

Receptors with the highest uncertainty in the current source term are the off-property resident farmer 
and off-property user of meatbilk from livestock grazed on site. The off-property resident fanner 
scenario is evaluated based on modeled concentrations for the air pathway and results in high 
uncertainty. The bioaccumulation of CPCs into meatbi lk  are modeled, and as a result, provide 
moderate to high uncertainty for this receptor. The greatest uncertainty in the risk assessment of 
Operable Unit 1 is associated with the assumptions made in the future source. These particular 
receptors include the on-property resident farmer, Great Miami River user, and off-property used of 
meat and milk. For the on-property resident farmer and home builder, the highest uncertainty is 
associated with the'proposed land used and potential exposure pathway. This receptor scenario is 
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included in response to guidancz and is anticipated to have a low likelihood of occumnce due to the 
history of the site and the particular waste management activities within Operable Unit 1. Uncertainty 
associated with the off-property resident fanner and Great Miami River water user is primarily the 
result of surface water and air modeling used to support those scenarios. The modeling assumptions 
are conservative, which result in conservative estimates for the exposure point concentrations. 
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5 

Taken together, the uncertainties identified with site data, exposure parameters, fate and transport, 6 

7 

8 

toxicity assessment and risk characterization are judged to be high (Le., potential to over-estimate risk 
by two or more orders of magnitude). 
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TABLE E.6-1 

UNCERTAINTIES ASSOCIATED WITH ESTIMATED RISKS FROM OPERABLE UNIT 1 

Source or Uncertainty Magnitude' Expected Directionb Rema& 

Selection of CPCs: 
Adequacy of database Low Increases or decreases CPCs may be underestimated. Rincipal constituents were 

conservatism identified. 

Exposure Assessment: 
Calculated exposure point concentrations 
- positive bias in sampling 

- conservative modeling assumptions 

Determination or land uses 
- current scenario 
- future scenario 

? 
c, 

m.d 
I '  

a 
Assumptions for smirce lerms 
- current source term 

- future source term 
a 
6; Selection or receptors 
CD - current scenario 
sf - future scenario 

Determination of exDosure factors 

Moderate 

High 

Low 
High 

Low 

Moderate 

Low 
High 

Low to moderate 

Increases conservatism 

Increases conservatism 

Increases conservatism 
Increases conservatism 

Increases or decreases 
conservatism 

Increases conservatism 

Increases conservatism 
Increases conservatism 

Increases conservatism 

Source concentrations based on 95% UCL or maximum. 
Sampling was biased for radiological CPCs 

Modeled concentrations were conservative. 

Scenario based on current environmental setting 
Wom case scenario assumed. 

Current source term assumes waste pits covered and 
surface water runoff treated. 

h t u r e  source term assumes failure of Waste Pit 3 cap. 

Scenario based on current environmental setting, 
Worst case scenario assumed. 

Receptor and exposure pathway speCific. - -  

a 



TABLE E.6-1 
(Continued) 

Source of Uncertaintv Maanitude' Expected Directionb Remark 

Toxicity Assessment: 
Dose-response assessment 
- chemical CPCs - radiological CPCs 

internal 
external 

Other OUI CPCs - dose-response for PAHs - dose-response for PCBs - dose-response for dioxins/furans - dose-response for Rn-222 (indoors) 

High Increases conservatism Dose-response based on animal data. 

LOW Increases conservatism Dose-mponse based on human data. 
Moderate to high Imases  conservatism Conservative assumptions made for extemal exposure. 

LOW Increases conservatism PAHB pose low risk. 
LOW Increases conservatism PCBs pose relatively low risk. 
LOW Increases conservatism Wraos/dioxins relatively low ris& 

Low IO moderate Increases conservatism Assumptions for Moor Rn-222 differ from those made for 
the CSP. 

~ 

Risk Characterizarion: 
Additivity 

Failure to consider antagonism 

Failure lo consider synergism 

Failure to consider segregation of Hls 

Low to moderate Increases conservatism Health effects dominated from few CPCP and exposure 
pathways. 

Unknown Increases conservatism Data unknown. 

Unknown Decreases conservatism Data unknown. 

Increases conservatism Low HIS dominated by few CPCs and exposure pathways. 

Overall High Increases conservatism High uncertainty from combining low, moderate, and 
highly uncertain parameters. 

'Magnitude is assessed qualitatively based on professional judgment and includes the following: 
Low-impact risk by a factor of 10 or less. 
Moderate-impact risk by a factor of 10 to 100. 
High-impact risk by a factor of 100 or more. 
'Direction is assessed qualitatively where an increased conservatism increases final health effects nod a decreased conservatism decreases h a l  health effects calculated in risk assessment. 
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E.7.0 SUMMARY AND COMPARISON TO B A C K G R O P D  4V' 

The baseline risk assessment was performed in accordance with available EPA guidance and follows the 
guidelines for performing risk assessments at the FEW, as described in the Risk Assessment Work Plan 
Addendum (DOE 1992a). This section contains a summary of the Baseline Risk Assessment in Section 
E.7.1 and information on risks associated with natural (background) soils in Section E.7.2. 

E.7.1 RISK ASSESSMENT SUMMARY 
Radionuclides detected most frequently above background levels within Operable Unit 1 include U-238, 
U-234. U-235, Ra-226, Rn-222, Th-232, Th-230, Th-228, and Tc-99. Metals detected above background 
levels, and therefore retained as constituents of potential concern (CPCs), include arsenic, cadmium, 
chromium, cobalt, lead, nickel, and uranium. Organic constituents evaluated in the quantitative risk 
assessment include polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans 
(PCDFs), polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), tetrachlomethene, 
and benzene. 

Potential human health effects, calculated for OU1, were evaluated based on the range of acceptable risk 
under CERCLA. These acceptable risk ranges are an ILCR of lo4 to 10" and an HI of less than 1 (EPA 
1992d). In general, estimated cancer risks associated with the scenarios involving current chemical 
concentrations and continued access controls are in the range of lo4 to lo4. However, for the scenarios 
that assume access control will be lost, or for those scenarios that assume exposures to calculate future 
concentrations, ILCRs are generally greater than IO" and most HIS are greater than 1. In fact, the total 
calculated ILCRs associated with chemical exposures by the on-propeny RME resident adult are about 
1 x 10" (1 in 10 chance of developing cancer) for the future land use scenario. 

Carcinogenic risks and Hazard Indices for identified receptors under current land use and current source 
term conditions are summarized in Tables E.7-1 and E.7-2, respectively. The receptors associated with 
this scenario were identified based on consideration of site access controls. The visitor and off-property 
RME resident fanner were considered applicable for consideration with current access controls. The 
receptors considered applicable if access controls were removed are the trespassing child, off-property 
RME resident farmer and off-propeny user of meat and dairy products (Le.. an individual that would 
ingest meat and dairy products from livestock grazed on site). With access controls. the exposure pathway 
contributing the greatest risk is inhalation of dust containing radiological constituents @e., Th-230, U-238, 
and U-234). Under cumnt land use without access controls the principle exposure pathways from the 
current source tenn are biotransfer of chemical CPCs into dairy products and beef, inhalation of dusts 
containing radiological compounds (off-property RME resident farmer) and penetrating gamma radiation 
exposure (trespassing child). The receptor with the greatest risk is the off-property use of meat and dairy 
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products from cows grazed on site would experience total carcinogenic risks of 3 x lo”. The primary 
contributors to this risk ac Aroclor-1254 and arsenic in the surface soil and their biotransfer to meat a d  
milk. The Hazard Indices for all these receptors are acceptable (less than 1). Metals (especially zinc) are 
the most significant systemic toxins. 

Tables E.7-3 and E.74 contains a summary of risks associated with the future source term conditions, 
current and future land uses. Assumptions were made for the future source term regarding the 
configuration of the operable unit that would result in higher exposure to stored waste materials. Two 
scenarios were evaluated, the current land use scenario without access controls and a future scenario that 
assumes development of the operable unit for resident and f a n  (raising livestock and growing crops). 
For the current land use scenario, (assumes residence is not built onsite) cancer risks range from 3 x lo-’ 
to 2 x for chemical carcinogens. The maximum risk 
was to the off-property RME resident farmer with inhalation of dusts and ingestion of beef and dairy 
products contributing the greatest to their total risk. Potential risk to the Great Miami River user were 

for radionuclides and from 2 x lo4 to 4 x 

less than 10“. 

Receptors with the highest risk from the future source t e n  and future land use are the on-property RME 
resident fanner (carcinogenic assessment) and on-property Rh4E child (noncarcinogenic assessment). The 
exposure pathway making the largest single contribution to the overall risk is ingestion of well water from 
the Great Miami River Aquifer for both radiological and chemical carcinogens and for chemical systemic 
toxicants. 

Other routes of exposure for this receptor include inhalation of dust, ingestion of food products affected 
by aerial deposition, penetrating radiation from surface soils and buried pit material. direct contact with 
soil and exposed pit material. domestic and agricultural use of groundwater, and ingestion of meat and 
dairy products from cows grazed and watered on site. Total radiocarcinogenic and chemical carcinogenic 
risks are approximately 1 x lo-’ for all these routes of exposure combined. Individually, ingestion of 
groundwater containing metals (arsenic) and U-238 contributes almost half of this receptor’s total risk 
followed by external exposure to surface soils and buried pit materials and inhalation of dust. Uranium 
and thorium isotopes and arsenic are the major carcinogens for these exposure pathways. 

Routine consumption of the perched water by the RME resident farmer (a highly unlikely scenario given 
the low yield of this water and the shallow depth of a more reliable, bener quality aquifer) presents a 
cancer risk of 5 x IO-’ from U-238 and 1 x I O ’  from arsenic. 

E.7.2 RISKS FROM NATURAL BACKGROUND 
AU site-related risks in the risk assessment are calculated without accounting for the contribution from 
natural background. In many cases, the concentrations of CPCs in the soil at the OU1 waste pits are only 
slightly above natural background concentrations. but the ILCRs or HIS for these site-related 

- la .- . I 

FERYIUlRNX.lZ9AEAlWl-93  4:4Opn . “E.7-2 

2 4 
3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

19 

21 

22 

23 

2/1 

25 

26 

n 
zs 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 4 



fp*p-'- av@v FEIviP-01RI-4 D W  
October 12.1993 

concentrations are often greater than lo4 and 1 respectively. Background contributions provide a useful 
point of comparison for site-related risk estimates. 

Risks and hazard quotients are calculated for background concentrations of CPCs in soil. These results 
are presented in Tables E.7-5 and E.7-6. Exposure assumptions and models used for these background 
calculations are the same as those used for evaluating site-related risks to the RME on-property resident 
fanner. Soil concentrations used for background risk calculations are the UCL values determined for the 
site-specific background soil sample analytical results. 

Background risks from radionuclides and their short-lived progeny are 2 x The health risk 
attributable to the naturally occumng radioactive isotope of potassium, K-40, is slightly larger (within the 
same order of magnitude) than al l  other radioisotopes combined. The risk from K-40 was not included 
in the total risk because K40 was not selected as a CPC for this operable unit. Including it in the total 
risk from background could bias decisions if the total background risk were compared directly with the 
total site-related risks calculated in this report. It is included separately because it is a ubiquitous 
component of background. Discounting the contribution from K40, the exposure pathway that contributes 
nearly all of this risk is external radiation exposure from Ra-226. Th-228, and Ra-228 (and their 
short-lived progeny) in surface soil. It is important to note that the overall lifetime risk, as calculated by 
CERCLA methodology, from natural background radiation sources (such as cosmic radiation, primordial 
radionuclides in surface soil. and radon) is approximately 1 x Background risks from anenic and 
beryllium in soil at background concentrations also exceed 1 x lo4. 

Background Hazard Quotients were calculated for natural background concentrations of inorganic 
chemicals in soil. Results of these calculations for the RME on-property resident adult are given in 
Table E-7.4. Again, the soil concentrations used are the site-specific background soil sample analytical 
results UCLs. The Hazard Index for background concentrations of inorganics is 8. The HQs estimated 
using the background UCLs and the methodology described in Section E. I through E.5 exceed 0.1 for five 
metals (arsenic. boron, cadmium, manganese, and thallium), and the HQ for natural background levels of 
mercury exceeds 1.0. The results of the background risk calculation and the potential for toxic effects to 
occur from natural background concentrations of radionuclides and inorganic chemicals suggest that the 
risk assessment methodology has a conservative bias. 

E.7.3 CONCLUSIONS 
This appendix presents the results of the baseline risk assessment for each of the waste pits in Operable 
Unit 1. The methods, models, and parameters that have been used are in accordance with the Risk 
Assessment Work Plan Addendum (DOE 1992a). with exceptions noted in the text preceding sections of 
this appendix. 
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2 ' 4  The emphasis on identifying potential uncertainties in Section E.6.0 of the risk assessment is not intended 
to discredit the dcularioil resiits, bit tci emphasize that conservative assuqxions 5,ave k e n  mde 

whenever there is a lack of information or the information is incomplete. 
characterization data, exposure assessment models and parameters, and risk characterization information 
will reduce these uncertainties. S 

Refinement of waste pit 3 

4 
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TABLE E.7-1 

INCREMENTAL LIFETIME CANCER RISK SUMMARY 
CURRENT SOURCE TERM 

Media 
off-property Trespassing Off-Roperty User of 

RME Resident Farmer Child Meat and Dairy products Visitor 

Air 
Radiocarcinogenic risk 1 x lo* 6 x 10' 1 x 10s NA' 
Chemical carcinogenic risk 3 x 1 0 6  3 x 1 0 6  4 x 107 NA 
Totalb 1 x 104 6 x lo5 1 x 1us NA 

Buried Pit Material 
Radiocarcinogenic risk 9 x los NA 2 x los NA 
Chemical carcinogenic risk NA NA N A  NA 
Totalb 9 x loJ NA 2 x los NA 

Surface Soil 
m Radiocarcinogenic risk 
;.' Chemical carcinogenic risk 

Totalb t!n 
CI 

8x104 
NA 

8 x lo' 

6 x 10' NA 2 x 1QS 
2 x 10-3 NA 2 x los 

NA 4 x 1cS 3 x 10-3 
Surface Water 

Radiocarcinogenic risk 
Chemical carcinogenic risk 
Totalb 

NA 
NA 
NA 

NA NA 4 x 10" 
NA NA 7 x 10" 
NA NA 5 x lo5 

All Media 
3 Radiocarcinogenic risk 

3 
c& 

Chemical carcinogenic risk 
Totalb 

9 x 10' 6 x l o s  5 x lo-s 6 x 10' 
3 x 1 0 6  3 x 10" 2 x lo5 2 x 10-3 
9 x 10' 6 x l o s  7 x los 3 x 10-3 

'NA - Not applicable. Exposure route no valuated. 
"Radiocarcinogenic and chemocarcinogenic risks are not truly additive. Provided for reference only. 
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TABLE E-7-2 
1 '. 

HAZARD INDEX SUMMARY 
CURRENT SOURCE TERM 

\ 

Off-Property Trespassing Off-Property User of @ 
Media Visitor RMJ2 Resident Fanner Child Meat and Dairy products & 
Air 

Buried Pit Material 

Surface Soil 

Surface Water 

0.5 

NA 

NA 

NA 

0.07 0.1 

NA NA' 

NA 0.1 

NA NA 

NA 

NA 

7 '  

4 

Total - AU Media 0.5 0.07 0.2 11 

~ 

'NA - Not applicable. Exposure mute not evaluated. 
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TABLE E.7-3 

INCREMENTAL LIFETIME CANCER RISK SUMMARY 
FUTURE SOURCE TERM 

Cumnt Land Use Future Land Use 

0 n - m  
On-RoPerty RME CTAdult On-propatY Home 

Child FiUllllX R i v a  Urn and Milk Adult F m e r  Fma RMEChild Builde-r 

Off-Roperty Off-Roperty 
Trespassing RMEResidmt OreatMiami UsaofMeat 

Air 
Radiocarcinogenic Risk 
Chemical Carcinogenic Risk 
Total’ 

Buried Pit Material 
Radiocarcinogenic Risk 
Chemical Carcinogenic Risk 
Totalb 

Surface Soil/Exposed Pit Material 
Radiocarcinogenic Risk 
Chemical Carcinogenic Risk 
Totalb 

sediment 
Radiocarcinogenic Risk 
Chemical Carcinogenic Risk 
Totalb 

Groundwater 
Radiocarcinogenic Risk 
Chemical Carcinogenic Risk 
Totalb 

Surface Water 
Radiocarcinogenic Risk 
Chemical Carcinogenic Risk 
Totalb 

FEWUl WDC. I P9AE7-3floOl-93 4:l Spm 

2 x 104 
1 x 104 
3 x lo4 

7 x 104 
NA 

7 x lod 

3 x lo4 
1 x IO4 
4 x 104 

5 x 10‘ 
2 x 10’ 
3 x 10’ 

NA 
NA 

NA 
NA 

9 x 104 
4 x 10” 
5 x lo-’ 

NA 
NA 

NA 
NA 

NA 
NA 

7 x 104 
0 

7 x 104 

NA 
NA 

NA’ 
NA 
- 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

3 x io7 

3 107 
0 

NA 
NA 

NA 
NA 

6 x lo4 
2 x 10.’ 
3 x 10” 

NA 
NA 

NA 
NA 
NA 

4 x 10’ 
7 x lod 
5 x 10’ 

1 x 10-2 
1 x 10’ 
2 x 10-2 

1 x 105 
NA 

1 x lo-’ 

2 x 10’ 
1 x 10’ 
3 x 10’ 

NA 
NA 

9 x 10.’ 
4 x 
5 x 10-2 

4 x 10” 
7 x 10‘ 
5 x 10’ 

9 x 104 
9 x 1 0 4  
2 x  10’ 

2 x 104 
NA 

2 x lo4 

4 x 10’ 
1 x 10’ 
5 x 10’ 

NA 
NA 

6 x lo4 
3 103 
4 1 0 3  

2 x 10‘ 
5 x i o 7  
3 x 10‘ 

2 x 104 
4 x 10’ 
4 x 10’ 

2 x 10-7 

2 x io7 
NA 

3 x 10’ 
7 x 10’ 
1 x 10’ 

NA 
NA 

6 x IO4 
1 x 10’ 
1 x 10’ 

8 x 10‘ 
2 x 10‘ 
1 x 10’  

2 x 10’ 
8 x 104 
3 x 10’ 

3 x lod 
NA 

3 x lod 

2 x lod 
5 x lo4 
5 x lo4 

NA 
NA 

NA 
NA 
NA 



TABLE E.7-3 
(Continued) 

Current h d  Use Future Land Use 

W-RaPerty m-RoPeTty On-RoPerty 
Trespassing RME Resident Great Miami User of Meat On-RoPerty RME (3Adult On-Ropaty Home 

fi 
4! 

Child FlUlna Riva User and Milk Adult Fmer Fmer RMEChild 

Perched Wata 
Radiocarcinogenic Risk NA NA NA NA 5 x 10' 5 x 10' 4 x 1 0 4  NA 
chemical carcinogenic Risk NA NA NA NA 1 x 10' 1 x 10J 4 x  l@ NA 
Totalb NA NA NA NA 6 x 10' 6 x  10' 8 x 10' NA 

All Pathways' 
Radiocarcinogenic Risk 5 x 104 2 x 10" 3 x 10-7 6 x lo4 
Chemical Carcinogenic Risk 2 x  lo4 4 x 10' 0 2 x  10' 
Totalb 7 x lo4 6 x 10' 3 x 10.~ 3 x 10' 

... 

*M 
Y 
c1 
&, 'NA - Not applicable. Exposure mute not evaluated 

"Radiocarcinogenic and chemical risks not reedily summable. Provided for reference only. 
'Totals do not include ingestion of perched warn. 

r3 
2 
0 
6> 

4 x 10' 1 x 10' 4 x 10' 3 x 10' 
7 x 10' 4 x IO-' 2 x  1 0 2  5 x  104 
1 x 10' 2 x 10" 2 x 10' 6 x lo4 



TABLE E.7-4 

HAZARD INDEX SUMMARY 
FUTURE SOURCE TERM 

Current Land Use 

Off-Roperty 0 n - m  
On-property RME CTAdUlt On-propertY Home 

Off-RoPerty 
Trespassing RMEResidmt  ChatMiami UserofMeat 

child FQnllZ Riveruser andMilk Adult Farmer FWnm RMEChild Builder 

Air 

Buried Pit Material 

Sl$face SoiVExposcd pit Material 

sediment 

Groundwater 

Surface Water 

Perched Water 

Total - All Mediab 

'NA - Not applicable. Exposure mute not evaluated 
qotals do not include ingestion of perched water. 

0.8 

NA 

3 

0.7 

NA 

NA 

NA 

5 

50 

NA 

NA 

NA 

10 

NA 

NA 

60 

NA' 

NA 

NA 

NA 

NA 

0 

NA 

0 

NA 

NA 

7 

NA 

NA 

4 

NA 

11 

330 

NA 

60 

NA 

270 

4 

m 
670 

180 

NA 

20 

NA 

140 

3 

3100 

340 

1700 

NA 

230 

NA 

940 

160 

17,000 

3100 

0.6 

NA 

90 

NA 

NA 

NA 

NA 

90 



TABLE E7-5 
oa- .-4T 

Arsenic 

Beryllium' 

Total Risk -- 4 x 1 0 4  1 x 1Q2 
I 
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INCREMENTAL LIF'ETIME CANCER RISKS FOR SOIL PATHWAYS 
RME RESIDENT FARMER 

NATURAL BACKGROUND CONCENTRATIONS 

0"-6" UCL 
Baclcgmmd Soil 

Radionuclide ww Risk Ojxrable Unit 1 

CS-137 + 1 dtr 4.4 x 10' 4 x  l@ 4 x  lo" 

Concentration" Background Cancer Risks 

Ra-226 + 8 das 1.2 x loo 3 x 1 0 4  1 x loz 
Th-230 1.5 x loo 1 107 1 x 1 0 4  ' 

Th-232 + 10 das 1.1 x loo 4 x  lo" '2x lo2 
u-234 1.0 x loo 3 x 1 0 7  3 105 

U-238.+ 2 dtrs 1.1 x loo 2x104 1 x 1 0 3  

U-235 + 1 dtr 8.8 x 1U2 9 107 4 x  lo" 

K& 1.7 x 10' 1 x NA .. ~~ 

Total Risk 

Chemical 

0"-6" UCL 
Background Soil 
Concentrationb Background Cancer Risks 

(mg/kg) Risk Operable Unit 1 

6.0 x loo 2 x  lo" 1 x 1u2 
6.0 x 10' 2 x lo" 1 x 1 0 3  

aadionuclide UCL background concentrations in soil (0"-6") are obtained from Attachment 
E.1, 
Table E.1-5. 

bChemical UCL background concentrations in soil (0-6,) are obtained from Attachment E.1, 
Table E.I-4. 

TJCL was not calculated; frequency of detection was 1/30. 
%e background risk for K-40 was not included in total background risk because K40 was 
not 
selected as a Bc for this operable unit. Including it in the total risk from background 
could bias decisions if the total background risk were compared directly with the total 
site-related risks calculated in this report. It is included here because it is a ubiquitous 
component of background. 

O'Tna 
E.7-1-10 
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TABLE E74 

TOXIC EFFECTS FOR SOIL, PATHWAYS 
RME RESIDENT FARMER 

NATURAL BACKGROUND CONCENTRATIONS 

47 

Chemical 

~ ~ ~~~ 

0"-6" UCL 
Background Soil Background Hazard 
Concentration' Hazard Quotients 

(mg/kg) Quotient Operable Unit 1 

ArSeniC 

Berylliumb 

Barium 

Boron 

Cadmium 

chromium 

Cobalt 

Manganese 

Molybdenum 

Nickel 

silver 

Thalliumb 

Uraniumd 

VaIladiUm 

6.0 x 1$ 

6.0 x 10" 

7.9 x 1$ 

1.2 x 10' 

1.2 x 10' 

1.1 x 10' 

9.8 x Id 

4.0 x lo-' 

3.0 x lo-' 

NDc 

1.3 x 10' 
ND 

5.8 x lo-' 

2.3 x 1$ 

2.2 x 10' 

0.4 

0.009 

0.04 

0.5 

0.1 

0.00s 

0.008 

0.9 

6 

-- 
0.08 
-- 
0.3 

0.02 

0.03 

26 

0.05 

0.1 

0.004 

1.5 

0.06 

0.009 

0.8 

0.04 

0.2 

0.1 

3 -  

0.2 

5 

0.6 

.. . . 

Total Hazard Index -- 8 38 

.chemical UCL background concentrations in soil (04") are obtained from Attachment 
E.1, 
Table E.14. 
kJCL was not calculated; frequency of detection was 1/30 and maximum is presented. 
'NI> - Not detected. 
&rotal uranium arithmetic mean background concentration in soil is obtained h m  Table 4- 
9 of the 
CERCLAIRCRA Background Soil Study (March 19, 1993). 
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TABLE El-1 

BACKGROUND CONCENTRATIONS OF RADON IN AIR 

Frequency Range of Arithmetic Upper 95% UCL on 
of Detection Mean Arithmetic Mean 

Radionuclide Date Detection @Ci/L) Disuibu tion Wi/L) Wi/L) . 
Rn-222 10191 74 1/14 1 0.100 - 2.700 LognOlTIlal  0.866 

Rn-222 12191 74 1/14 1 0.200 - 2.400 L O g n O r m a l  0.61 1 

0.899 

0.630 
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, .  TABLE E.1-2 

SUMMARY STATISTICS FOR BACKGROUND CONCENTRATIONS OF RADIONUCLIDES 
AND INORGANIC CHEMICALS IN GREAT MIAMI RIVER WATER 

Detection 
Total Total Frequency Minimum Meximum Maximum 

constituent Analysis Detection (%I Detection Detection SOL Median 

Np237 

PU-238 

PU-239R40 

Ra-226 

Ra-228 

SI-90 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-235/236 

U-238 

5 

5 

5 

5 

5 

4 

5 

5 

5 

5 

5 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

1.1 

1 

1 

1 

1 

3 

5 

30 

1 

1 

1 

1 

1 

1 

c1 

c1 

c1 

c1 

4 

d 

4 0  

c1 

c1 

c1 

c1 

c1 

c1 

Ammonia 

Arsenic 

Beium 

CadmiMl 

Calcium 

chloride 

chromium 

copper 

Fluoride 

Iron 
Lead 

Magnesium 

Manganese 

M==Y 

Molybdenum 

3 

2 

3 

4 

4 

3 

4 

4 

3 

4 

3 

4 

4 

4 

4 

3 

0 

3 

1 

3 

3 

0 

0 

3 

2 

0 

4 

2 

1 

1 

100 

0 

100 

25 

75 

100 

0 

0 

100 

50 

0 

100 

50 

25 

25 

0.1 

NA 

0.0493 

0.006 

61.2 

17.99 

NA 

NA 

03 1 

0.164 

NA 

215 

0.08 

NA 

NA 

1.2 

NA 

0.100 

0.0098 

77 

325 

NA 

NA 

0.9 

0.22 

NA 

34.9 

0.0089 

0.0095 

0.02 

0 7 3 7 

NA 0.1 1 

0.002 4.002 

NA 0.089 

0.005 0.006 

NA 705 

NA 135 

0.02 d.002 

0.01 4.01 

NA 0.82 

0.005 0.095 

0.01 0.005 

NA 3 1.05 

0.02 0.045 

0.0002 4.m 
0.02 4.02 
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Detection 
Total Total Frequency Minimum Maximum Maximum 

constituent Analysis Detection (%I Detection Detection SQL Median 

Nickel 

Nitrate 

Phosphozus 

Potessium 

Selenium 

Silver 

Sodium 

Sulfate 

Uranium-Totalb 

25 

100 

100 

100 

0 

0 

100 

100 

60 

NA 

0.4 

0.299 

2 3  

NA 

NA 

12.9 

114.9 

1 

0.01 05 

658 

1.1 

6.2 

NA 

NA 

77.2 

43 10 

1 

0.02 

NA 

NA 

NA 

0.002 

0.1 

NA 

NA 

1 

~ 

4.02 

3.2 

0.59 

4.03 

4.002 

4.03 

72.9 

138 

1 

.Samples were not analyzed for Cs-137. Ru-106, Th-t0tal.a rad U-235. 
bAdditional statistics for u-totak arithmetic mean k 0.8. arithmetic standard deviation is 0.3. geometric mean is 0.8. and 
geometric stendard deviation is 1 5  



TABLE Ed-3 \ 
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BACKGROUND CONCENTRATIONS OF RADIONUCLIDES AND INORGANIC 
CHEMICALS IN THE GREAT MIAMI AQUIFER 

- 
95% UCL on 

Total Total Detection Minimum Maximum Arithmetic Arithmetic 
Constituent Analyses Detections Frequency Detection Detection Median Mean Mean 

Radionuclides @CUL) 

CS- 137 5 

Np-237 103 

h-238 105 

PU-239/240 105 

Ra-226 95 

Ra-228 

Ru- 106 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

Th-Total 

u-234 

U-235 

91 

6 

107 

114 

119 

119 

108 

86 

118 

3 

U-235/236 115 

U-238 118 

0 

0 

0 

0 

6 

8 

0 

0 

1 

8 

10 

0 

4 

7 

0 

0 

4 

0 

0 

0 

0 

6 

9 

0 

0 

1 

7 

8 

0 

5 

6 

0 .  

0 

3 

1.1 

3.1 

1.2 

1.2 

2 

1.2 

0.9 

- 
- 

8.5 

5.5 

36 

2.9 

3.44 

6.14 

4.2 

- 
4.4 

R O  

<1 

<1 

<1 

<1 

<3 

<150 

4 

<30 

<1 

<1 

<1 

<3 

<1 

<1 

<1 

<1 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
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95% UCL on 
Total Total Detection Minimum Maximum Arithmetic Arithmetic 

Constituent Analyses Detections Frequency Detection Detection Median Mean Mean 

Inorganic Chemicals (pg/L) 

Aluminum 

Ammonia 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chloride 

Chromium 

Cobalt 

Copper 
Cyanide 

Fluoride 

Hexavalent 
Chromium 

lmn 

Lead 

23 

1 05 

7 

89 

116 

13 

114 

119 

117 

120 

13 

120 

5 

118 

2 

119 

83 

19 

36 

1 

24 

102 

7 

25 

118 

102 

45 

0 

38 

0 

111 

1 

79 

17 

83 

34 

14 

27 

88 

54 

22 

99 

87 

38 

0 

32 

0 

94 

50 

66 

21 

0.06 

0.1 

NIA 

0.002 

0.006 

0.001 

0.002 

1 .O 

0.02 

0.01 

4.0 1 

0.01 

4.002 

0.05 

NIA 

0.007 

0.003 

0.18 

13 

0.038 

0.55 

0.79 

0.002 

0.017 

181 

120 

0.56 

4.02 

0.27 

<0.005 

1.9 

0.05 

5.5 

0.14 

0.087 

co.01 

4.03 

co.002 

0.05 

0.00 1 

co.005 

91 

18 

4.02 

<0.01 

4.01 

<0.005 

0.27 

0.028 

0.19 

4.002 

0.097 

0.7 1 

NIA 

0.032 

0.15 

0.001 

0.003 

96 

24 

0.02 

NIA 

0.019 

NIA 

0.35 

NIA 

1.1 

0.006 

0.117 

NIA 

NIA 

NIA 

0.19 

0.002 

NIA 

101 

28 

NIA 

NIA 

N/A 

NIA 

0.4 1 

NIA 

1.4 

NIA 



TABLE EJ-3 
(Continued) 

95% UCL on * Total Total Detection Minimum Maximum Arithmetic Arithmetic 
Constituent Analyses Detections Frequency Detection Detection Median Mean Mean 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Nitrate 

Phosphorous 

Potassium 

F Selenium z 
Silicon 

Silver 

118 

114 

112 

111 

120 

69 

106 

113 

80 

10 

118 

Sodium 114 

$3 Sulfate 118 
4 
.b Sulfide 14 

Thallium 7 
w 

Tin 3 

UraniUm 113 

Vanadium 23 

Zinc 13 

118 

88 
13 

24 

20 

57 

75 

105 

5 

10 

19 

114 

108 

3 

0 

0 

51 

19 

13 

100 

77 

12 

22 

17 

83 

71 

93 

6.3 

100 

16 

100 

92 

21 

0 

0 

45 

83 

100 

0.5 

0.002 

O.ooo2 

0.004 

0.012 

0.014 

0.01 

0.66 

0.m 

2 

0.0 1 

0.61 

2.8 

0.00 1 

4.001 

NIA 

0.80 

0.0 1 

0.009 

47 

0.9 

0.003 1 

0.04 
0.78 

25 

3.1 

14 

0.006 

6.1 

0.1 1 

55 

32 1 

30 

4.04 

4.03 

3.1 

0.025 

3.0 

27 

0.05 

4.ooo2 

d.02 

4.02 

1 .o 
0.05 

1.8 

4.002 

3.1 

<O.Ol 
12 

48 

<0.05 

4.001 

4.03 

<1 

0.016 

0.037 

27 

0.15 

O.OOO2 

0.012 

0.0 19 

3.4 

0.2 1 

2.1 

0.002 

3.6 

0.007 

16 

61 

4.4 

NIA 

NIA 

0.7 n 
0.015 

0.27 

28 

0.19 

NfA 

NIA 

NIA 

4.6 

0.29 

2.4 

NIA 

4.7 

NIA 

19 

72 

NIA 

NIA 

NIA 

0.82 

0.01 8 

0.77 

Ih 



TABLE E 1 4  
SUMMARY STATISTICS FOR BACKGROUND CONCENTRATIONS 

OF INORGANIC CHEMICALS IN SOIL 

sample SampleArithmtic sample Uppa 95% One-sided 95% Confidence 
Frequency of Range of AIithmtic Standard Gcomhic sample Geomaic Confidence limit on sample lntmal on the 

Constituent Detection Detection Distribution Mean Deviation Mean Standardkviation thcSamplcMean Median SamplcMedian 

Alumlnum 

0" -6"  30/30 5350- lso00 Lognormal NIA NIA 7863 1.29 8800 7455 6710 - 8570 

36" - 42" 30130 3300- 15900 Log- N/A NIA 8453 1.53 10700 9005 6960-10800 

21/21 3250- 16100 Lognormal N/A NIA 7304 1.53 95% 7460 5870- 9930 48" - 54* 

Glaciofluvial 17/17 3300- 16100 Lognormal N/A NIA 6767 1.55 9227 6410 5260-8350 

l i I I  32/32 4280- 15900 Lognormal N/A NIA 91 I4 1.41 10813 9800 7770 - 11100 

Antimony 

0" - 6" 0/22a Avg SQL = 7.7 N/A NIA NIA N/A NIA NIA NIA NIA 

36" - 42" 0/22" Avg SQL = 6.7 N/A NIA NIA NIA NIA NIA NIA NIA 

NIA NIA N/A NIA NIA NIA NIA 

N/A NIA N/A N/A NIA NIA NIA 

48" - 54" 0/1Sa Avg SQL = 6.7 N/A 

Glaciofluvial 0/1Sa Avg SQL = 6.4 N/A 

Till O/21a Avg SQL = 6.8 N/A NIA NIA NIA NIA NIA NIA N/A 

Arsenic 

0" - 6" 26/26 3.40 - 9.20 Lognormal N/A NIA 5.18 1.35 6.00 5.05 4.20 - 5.80 

36" - 4 2  26/26 2.70- 14.50 Lognormal N/A NIA 5.33 1.50 6.72 5.00 4.20 - 5.80 

4.55 3.90 - 5.50 

Glaciofluvial 14/14 3.50 - 10.60 Lognormal N/A N/A 5.22 1.34 6.33 5.00 4.00 - 6.00 

Til 28/28 1.60- 14.50 Lognormal N/A NIA 4.93 1.57 6.42 4.70 4.10 - 5.80 

48" - 54" 18/18 1.60- 8.40 Lognormal N/A N/A 4.32 I .54 5.82 

Barium 

NIA 61.95 1.54 78.93 61.55 48.20 - 69.70 0" - 6" 30/30 31.00 - 331.00 Undefined NIA 

0" - 6" with sus- 29/29 31.00- 94.10 Lognormal N/A 

deleted 

NIA 58.48 1.35 67.48 59.90 48.20 - 69.70 
peed OUIIieT 

b 

FER101RVPB.1229AE 149-2393 6 0 8 ~  



TABLE E.1-4 
(Con tinued) 

00 
4t sample Samplekithmtic  sample Uppa 95% One-sided 95% Confidence 

hqucncy of Range of k i t h m t i c  Standard Gcomtric SampleGeomtric ConfidenccLirniton sample Intervalonthe 
Constituent Detection Detection Distribution Mean Deviation Mean StandardDeviation thesamplcMean Median SampleMedian 

36" - 42" 3000 13.70- 134.00 Lognormal NIA NIA 56.30 1.69 T1.88 54.40 45.60 - 66.20 

48.30 38.70 - 55.00 

45.10 32.50 - 54.60 

Till 32/32 28.80- 134.00 Undefined NIA NIA 60.44 1.53 76.32 56.85 47.10 - 66.20 

48" - 54- 21/21 16.30- 123.00 Lognormal NIA NIA 45.30 1.61 62.00 

Glaciofluvial 17/17 13.70- 104.00 Lognormal N/A  NIA 41.56 1.68 61.84 

~ ~~ ~ 

Beryllium 

0" - 6" 1/30" 0.60 - 0.60 NIA NIA NIA NIA NIA NIA 0.26 NIA 
c_ 

36" - 42" 9/30 0.48 - 0.65 Undefined NIA NIA 0.29 1.58 0.37 0.23 0.23 - 0.24 

48" - 54" 6/20 0.49 - 0.68 Undefined NIA NIA 0.29 1.60 0.40 0.23 0.22 - 0.49 

Glaciofluvial 211 7 0.62 - 0.68 Undefined NIA NIA 0.24 1.52 0.32 0.23 0.22 - 0.13 

Till 13/32 0.48 - 0.65 Undefined NIA NIA 0.32 1.57 0.4 1 0.24 0.23 - 0.52 

Boron 

0" - 6 "  12/30 12.60 - 1140.00 Undefined NIA NIA 10.70 27Id  NIA NIA NIA 

0 - 6" with sus- 11/29 12.60 - 25.40 Undefined NIA NIA 9.11 1.61 12.07 6.70 6.40 - 13.70 
pected outlier 
deletede 

36" - 4 2  28/30 18.60- 47.10 N d  28.40 9.23 NIA NIA 31.27 28.65 24.80 - 33.90 

48" - 54" 21/11 19.90- 45.90 Lognormal NIA NIA 29.97 1.24 33.41 29.70 25.50 - 35.20 

Glaciofluvial 17/17 19.60 - 39.60 Lognormal N/A  N /A  29.73 1.23 33.34 29.50 25.90 - 35.20 

Till 30/32 18.60- 47.10 N d  28.58 9.12 NIA NIA 31.31 28.65 25.50 - 33.90 

Cadmlurn 

0 - 6" 6 P  0.52- 0.95 Undefined N/A ' NIA 0.32 1.53 0.40 0.26 0.25 - 0.27 

36" - 42" 4/29 0.63 - 1.30 Undefined NIA NIA 0.27 1.73 0.38 0.23 0.22 - 0.24 

FEIWIRIIpB.1229AE.14/09-2393 6oSpn - Ir 
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TABLE E.I-4 
(Continued) 

~~ 

sample SampleArithmtic sample Upper 95% One-sided 95% Confidence 
Frrquency of Range of Arithmtic Standard Gtombic sample Geombic Confidence Limit on sample Interval on the 

Constituent Detection Deaction Distribution Mcan Deviation Mean Standardkviation thesampleMean Median SamplcMedian 
~ ~~~ 

36" - 42" with 2/t7c 0.63 - 0.91 NIA NIA NIA NIA NIA NIA 0.23 NIA 
suspected outlier 

48- - 54" uta" 0.47 - 0.59 NIA NIA NIA NIA NIA NIA 0.23 NIA 

Glaciofluvial 1\17' 0.59 - 0.59 NIA NIA NIA NIA NIA NIA 0.23 NIA 

Til 5/30 0.47 - 1.30 Undefined NIA NIA 0.28 1.68 0.39 0.23 0.23 - 0.24 

l i I I  with sus- 3/28 0.47 - 0.91 Undefined NIA NIA 0.25 1.42 0.30 0.23 0.23 - 0.24 

deleledf 

pected outlier 
dC1etedg 

Calclum 

0" - 6" 30/30 856 - 5340 Lognormal NIA NIA 1900 1.65 2580 1760 1410 - 2250 
36" - 42" 30/30 3310- 191000 Undefined NIA NIA 53113 3.59 N/A 93550 67800- IO5000 

48" - 54" 21/11 7440- 335000 Undefined NIA NIA 92432 20Sh NIA 108000 88900 - 117000 

h 

Glaciofluvial 17/17 6990- 15oooO Normal 96782 36780 NIA NIA 112356 lO5ooO 85800 - 1 I8000 
l i l l  32/32 3310- 191000 Undefined NIA NIA 55137 3.44 NA 95650 70600 - 111000 

h 

0" - 6" 30/30 6.70- 17.70 Lognormal NIA NIA 10.43 1.27 11.60 9.85 9.00 - 11.10 
36" - 42" 30/30 4.60- 20.00 Lognormal NIA NIA 10.95 1.53 13.87 11.55 8.80 - 13.50 
48" - 54" 21/11 4.50- 2240 Lognormal NIA NIA 9.62 1.51 12.46 9.70 7.90 - 13.30 
Glaciofluvial 17/17 4.70- 2240 Lognormal NIA NIA 9.05 1.54 12.21 8.80 7.10- 10.40 

12.25 9.70 - 13.60 l i l t  32/32 6.50- 20.00 Lognormal N/A NIA 11.77 1.41 13.93 

Cobalt 
"9 

0" -6" 30/30 4.30- 16.50 Lognormal N/A NIA 9.66 1.32 10.96 9.70 8.90 - 11.60 
36" - 4 2  30/30 4.50- 16.50 Lognormal N/A NIA 8.79 1.43 10.56 8.65 7.40 - 10.80 

' w  

FEiWIRvw.1229AE.14~-2393 6tX0spn 
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TABLE E.I-4 
(Continued) - *  

4 

sample SamplcArithmtic sample Uppa 95% One-Jided 95% Confidence 
Frequency of Range of Alithmtic Standard Geomtric SampleGeomtric Confidenatirniton sample Intervalonthe 

Constituent Detedion Detection Distribution Mcan Deviation Mean StandaxdDeviation thesampleMan Median SampleMedian 

48" - 54" 2 lRl  3.60- 17.90 Lognnmal NIA N IA  8.13 1.49 10.37 8.00 6.60 - 10.30 

Glaciofluvial 17/17 4.50- 14.80 Lognormal N/A NIA 7.35 1.40 9.08 7.30 5.90 - 8.W 

Ti1 32/32 4.70- 17.90 Lognormal NIA NIA 9.63 1.38 11.26 9.15 8.20- 11.40 

COPPW 

0'' - 6" 27/30 3.20 - 17.30 Normal 7.33 4.10 NIA NIA 8.60 6.25 5.30 - 8.B 

36" - 42" 30130 7.00- 24.30 Lognormal N/A NIA 12.47 1.38 14.63 12.00 10.70 - 14.10 

48" - 54" m i  6.80 - 16.80 Normal 11.18 3.1 1 NIA NIA 12.35 10.20 9.80 - 1240 

Glaciofluvial 17/17 8.40 - 19.00 Lognamal NIA NIA 11.17 1.25 12.67 11.00 9.70- 1230 

Till 32/32 6.80 - 24.30 Lognormal NIA NIA 12.58 1.37 14.60 12.80 10.40 - 14.90 

~ 

0.07 - 0.15 0" - 6" 12/30 0.14 - 0.29 Undefined N/A NIA 0.10 1.74 0.14 0.07 

3 6  - 42" ZnOC 0.17 - 5.60 NIA NIA NIA NIA NIA NIA 0.06 NIA 

48" - 54" Onla Avg SQL = 0.11 NIA NIA N/A NIA NIA NIA NIA NIA 

Glaciofluvial 1/17' 5.60 - 5.60 NIA NIA NIA NIA NIA NIA 0.06 NIA 

KII 1/32' 0.17 - 0.17 NIA NIA NIA NIA NIA NIA 0.06 NIA 

Iron 

0" - 6" 3000 9370- 24900 Lognormal NIA NIA 14465 1.30 I631 1 14500 12200- 16500 

36" - 42" 30/30 8970- 30700 Lognormal NIA NIA 18120 1.44 21870 

48" - 54" 2lRl 9360- 30500 Lognormal NIA NIA 16267 1.39 19621 

- 

18400 14600-22100 

15600 13300-21400 

Glaciofluvial 17/17 9360- 2%00 Lognormal NIA , NIA 14858 1.41 18449 13700 11400 - 17600 

20150 15800 - 23400 - Till 32/32 10700- 30700 Lognormal NIA NIA 19419 1.36 22461 

Lead 

17.70 14.60 - 18.50 0'' - 6" 28R8 11.00 - 36.40 Lognormal NIA NIA 17.22 1.27 19.22 

FEMl RupB. 1229AE.lW-23-93 6 : 0 8 ~  



TABLE E14 
(Continued) 

~ ~~~~ 

sample SampleArithmtic sample Upper 95% One-sided 95% Confidence 
Frequency of Range of Ar i lh l IE t iC  Standard Geomhic sample Gcomhic Confidence Limit on sample Interval on the 

Constituent Detection Detection Dishibution Mean Deviation Mean Standardhviation thesampleMean Median SampleMedian 

0" - 6" with 27/27 11.00- 23.80 Lognormal NIA NIA 16.75 1.21 18.21 17.70 14.30 - 18.50 
suspect+ oudia 
deleted' 

36- - 42" 28/28 5.20- 18.40 L o g n d  NIA NIA 9.06 1.42 10.88 8.25 7.40 - 11.30 

48" - 54" 19/19 3.00- 13.00 Lognormal NIA NIA 7.34 1.44 9.18 7.00 6.70 - 10.00 

Glaciofluvial 15/15 5.20 - 15.20 Lognormal NIA NIA 8.19 1.34 9.85 7.60 6.70 - 10.10 

K11 30130 3.60- 18.40 Lognormal NIA NIA 8.80 1.43 10.56 8.10 7.30- 10.06 

~ ~ ~ ~ _ _ _  ___ ___ _ _ _ ~ _ _ _  ~ ~~ ~ ~ 

0" - 6" 30130 1020- 3590 Undefined NIA NIA 1646 1.37 1924 1555 1340 - 1860 

36" - 42" 30130 2930- 54100 Undefined NIA NIA 13848 243h NIA 16300 8120 - 27700 

48" - 54" 21/21 5540- 44100 ~ormal a 9 5 1  11661 NIA NIA 28340 27600 16300-29800 

Glaciofluvial 17/17 3370- 42300 Nonnal 25215 11262 NIA NIA 29983 27700 16500 - 32100 

XU 32132 2930- 44100 Lognormal NIA NIA 13245 2.Zh NIA 14300 8120 - 27100 

Manganese 

0" - 6" 30130 189 - 4850 Lognormal NIA NIA 650 1.84 983 562 481 - 785 

0"-6"with 29R9 189 - I500 Lognormal NIA NIA 606 1.63 809 543 456 - 785 
suspected outlier 
deleted 

36" - 42" 30130 251 - 1410 Lognormal NIA NIA 532 1.55 683 510 387 - 621 ,"-.\ 

48" - 54" 21/21 288 - 1750 Undefined NIA NIA 468 1.53 613 420 356 - 483 

Glaciofluvid 17/17 301 - 1040 Undefined NIA NIA 436 1.43 548 406 

Ti 3 m 2  288 - 1750 Undefined NIA NIA 56 1 1.56 718 548 378 - 667 
~ ~ 

0- - 6" 0.30 - 0.30 N/A NIA NIA NIA NIA NIA 0.07 NIA 8 ,b 
m 
Q 

FERpIRvpB. 1229AE.I-4109-2193 6 . 0 8 ~  



TABLE E.I-4 
(Con tinued) 

Sample SampleArilhmtic Sample Uppa 95% One-sided 9 5 8  COnfid6m 
Frequency of h g e  of AriIhmtic Standard Gcombic sample G w m h i c  Confidence Limit on Sample Interval on the 

Constituent Detection rktcction Disbibution Mean rkviation Mean StandardDeviatim thesampleMean Median SamplcMedian 
~ ~~ ~~ 

36" - 42" O/30a Avg SQL = 0.1 1 N/A NIA NIA NIA NIA NIA NIA NIA 

48" - 54" lRIC 0.29 - 0.29 N/A NIA NIA NIA NIA NIA 0.06 NIA 

Glaciofluvial 0/17' Avg SQL = 0.1 1 NIA NIA NIA NIA NIA NIA NIA NIA 

Til 1n2" 0.29 - 0.29 N/A NIA NIA NIA NIA NIA 0.06 NIA 

Molybdenum 

b b  48" - 54" lRIC 2 7 0 -  2.70 NIA NIA NIA NIA NIA NIA 1.1 NIA 

1/17c 2.70 - 2.70 N/A NIA NIA NIA NIA NIA 1.1 NIA 
-3 

Glaciofluvial 

Till O/32a Avg SQL = 2.3 NIA NIA NIA NIA NIA NIA NIA NIA 

I ._ 
c.r - E-: Nickel 
w. ., 29/30 5.80- 2270 Lognormal N/A NIA 9.66 1.60 12.67 9.35 7.30 - 11.90 0" - 6" 

36" - 4 2  30130 11.00 - 41.90 Lognormal NIA NIA m.10 1.48 24.69 19.55 16.90 - 22.20 

48" - 54" 2 1 n 1  8.50- 3240 Lognormal N/A NIA 16.58 1.39 19.99 16.30 13.50 - 19.60 

Glaciofluvial 17/17 8.50- 26.40 Lognormal NIA NIA 15.43 1.34 18.34 15.30 12.60 - 17.50 

Till 32/32 10.50- 41.90 Lognormal N/A NIA 21.22 1.42 25.28 19.90 17.20 - 24.90 

Potasslum - 
0'' - 6" 29/30 374 - 1590 Nonnal 742 297 NIA NIA 834 663 561 - 816 

36" - 42" 30/30 349 - 2140 Lognormal NIA NIA 923 1.56 1186 834 743 - lltio 

48" - 54" 21/21 340 - 2180 Lognormal NIA NIA 989 1.58 1338 942 753 - 1430 

Glaciofluvial 17/17 349 - 2120 Lognormal NIA NIA 824 1.53 1 1 1 1  81 I 608 - 1090 

Till 32/32 587 - 2180 Undefined NIA NIA 1074 1.49 1321 1 I55 796 - 1310 



TABLE E14 
(Continued) 

sample SampleArithmtic sample U r n  95% One-sided 95% Confidence 
Frequency of Range of AliIhllX?tiC Srandard Gcomtric SampleGtOmtric ConfidenceLimiton sample Inrmalonthe 

Constituent Detection Detection Distribution Mean Deviation Mean StandardDeviation thcsamplcMean M ~ M  SampleMedian 

Selenlum 

0" - 6" 1/30" 0.72 - 0.72 NIA NIA NIA NIA NIA NIA 0.39 NIA 

36" - 42" O/30a Avg SQL = 0.64 NIA NIA NIA NIA NIA NIA NIA NIA 

48" - 54- Onla Avg SQL = 0.61 NIA NIA NIA NIA NIA NIA NIA NIA 

Glaciofluvial 0/17a Avg SQL = 0.58 NIA NIA NIA NIA NIA NIA NIA NIA 

T i  0/3za Avg SQL = 0.66 NIA NIA NIA NIA NIA NIA NIA NIA 

0" - 6" 30/30 15.1 - 2230 Normal 1114 392 NIA NIA 1235 1085 927- 1290 

0"-6"with 29/29 480 - 2230 Lognormal NIA NIA 1105 1.34 1273 1110 927- 1310 
suspected outlier 
deleted' 

36" - 42" 3000 449 - 1540 Lognormal NIA NIA 945 1.33 1081 990 795 - 1080 

48" - 54" 21/21 467 - 1850 Lognormal NIA NIA 892 1.48 1130 846 722 - 1270 

Glaciofluvial 17/17 539 - 1850 Lognormal NIA NIA 829 1.38 1016 794 723 - 879 

I050 951 - 1260 Till 32/32 449- 1540 Lognormal NIA NIA 1009 1.35 1162 

Sllver 

0" - 6" 000" Avg SQL = 2.6 N/A NIA NIA NIA NIA NIA NIA NIA 

36" - 42" O/30a Avg SQL= 2.2 N/A NIA NIA NIA NIA NIA NIA NIA 

48" - 54- Onla Avg SQL = 2.2 NIA NIA NIA NIA NIA NIA NIA NIA 

Glaciofluvial 0/17a Avg SQL = 2.2 N/A  NIA NIA NIA NIA NIA NIA NIA 

TIll 0/32a Avg SQL = 2.3 NIA NIA ' N/A NIA NIA NIA NIA NIA 

Sodium 
~~ ~~ 

0" - 6" 27/30 26.90- 54.70 Normal 34.34 10.19 NIA NIA 37.50 33.95 30.70 - 38.60 

109.50 103.00 - 138.00 36" - 42" 30130 53.80 - 305.00 Lognormal NIA NIA 118.78 1.51 149.32 



TABLE E 1 4  
(Continued) s$ 

-4 
Upper 95% One-sided 95% Confidence 

Frequency of Range of Aithmtic StanQrd Geomtric sample Ocomtric Confidence Limit on semplc Interval on the 
Constituent Detection Detection Distribution Mean Dcvi lon Mean StandardDeviation thesarnplcMean Median SampleMedian 

sample SampleMthmtic sample 

48" - 54" 21/21 90.40- 345.00 Undefined NIA NIA 129.00 1.34 151.31 129.b 108.00 - 135.00 
Glaciofluvial 17/17 64.30 - 345.00 Undefined NIA NIA 118.71 1.40 146.70 111.00 102.00 - 131.00 
XU 32/32 53.80 - 305.00 Lognamal NIA NIA 125.31 1.49 154.13 117.00 107.00 - 143.00 
Thallium 

0'' - 6" 1/30" 0.58 - 0.58 NIA NIA NIA NIA NIA' NIA 0.26 NIA 

36" - 42" 3/30' 0.49 - 0.55 NIA NIA NIA NIA NIA NIA 0.23 NIA 

48" - 54" Onla Avg SQL = 0.43 NIA NIA NIA NIA NIA NIA NIA NIA 

Glaciofluvial 0117a Avg SQL = 0.42 NIA NIA NIA NIA NIA NIA NIA NIA 

Till 3/32' 0.49 - 0.55 NIA NIA NIA NIA NIA NIA 0.23 NIA 

l i l l  with SUS- m o C  0.49 - 0.49 N/A  NIA NIA NIA NIA NIA 0.23 NIA 
pected outlier 
deleted' 
~ ~ 

Vanadium 

0'' - 6" 30/30 11.30 - 32.70 Lognormal NIA NIA 19.76 1.30 22.25 19.20 17.60 - 23.60 
36" - 42" 30/30 8.70- 44.50 Lognormal NIA NIA 18.00 1.61 23.78 15.10 13.60 - 25.50 
48" - 54" 21/21 8.40 - 40.20 Undefined NIA NIA 15.82 1.62 21.83 13.30 11.40 - 24.10 
Glaciofluvial 17/17 8.40 - 40.20 Lognormal NIA NIA 15.42 1.60 21.69 13.10 11.90 - 23.80 
Till 32/32 10.40 - 44.50 Undefined NIA NIA 18.76 1.59 24.30 16.15 13.60 - 25.60 
Zinc 

0" - 6" 30/30 29.40 - 70.00 Undefined NIA NIA 39.99 1.27 44.55 38.90 34.50 - 42.90 
36" - 4 2  30/3O 27.30- 101.00 Lognormal NIA ' N/A 49.30 1.35 57.1 1 48.00 40.20 - 53.90 
48" - 54" 21/21 33.30- 67.70 Lognormal NIA NIA 44.95 1.18 48.62 45.00 39.90 - 47.80 
Glaciofluvial 17/17 35.40 - 69.40 Undefined NIA NIA 43.26 1.20 47.57 43.70 37.90 - 45.80 
Xll 32/32 33.30- 101.00 Lognormal NIA NIA 51.08 1.30 57.50 48.50 42.20 - 53.90 

FERIOIRVPB.1229AE.14D9-2" '. ', " 8 ~  
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TABLE E.I-4 
(Continued) 

'When all of the values in thc data set w m  not dctcctable. ondudf of the SQL was the bat represcntative value for the mean and the SQL waa the b a t  representative value for the UTL 
%e Barium (0-6) d t  in sample number 61692 was identified aa a statistical outlia and was excluded from this data set. 
'When less than cr equal to 10% of masurtd concentrations wac above the SQL, only the range of detection and sample mdian wcrc presented. 
dcalculatcd gamclric standard deviatim was greater than 200. This was caused by thc combination of only 12 values out of 30 above SQL and the maximum concentration of 1140 g/g. 
Sunnnary statistics for "0-6" without suspected oudia was used as the repmmtative statistics for this dam set. 

'"he Bomn (M) result in sample number 61666 was identified an a statistical oudicr and was excluded hm this data set 
'The Cadmium (3642) result in sample numbas 61697 and 61642 waa identified aa a statistical outlia and was excluded hum this data set. 
6The Cadmium vi) rtsult in sanrple numbers 61697 and 61642 was identified aa a statistical oudicr and waa excluded from this data set 
hWhen the calculated gwmchic standard deviation waa greater than 200. the median, 95% confidence interval on the median and maximum measured concentration for u"L w c n  used 

'The Lead (0-6) result in sanpilc numbcr 61698 was identified aa a statistical outlia and was excluded from this data set. 
)The Manganese (0-6) result in sample number 61692 waa identified an a statistical outlier and waa excluded from this data set. 
'The Silicon (0-6) result in sample numba 61666 was identified aa a statistical outlier and was excluded from this date set. 
'The Thallium vi) result in sample numbers 61709 and 61657 was identified aa a statistical outlier and waa excluded from this data set 

aa the best rrpresentativc statistics for the data set a 
4 
CJJ 
0 
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TABLE El-5 

1 SUMMARY STATISTICS FOR BACKGROUND CONCENTRATIONS OF RADIOLOGICAL CONSTITUENTS 

uppex 95% one- 
sample SampleArithmtic sided Confidence 95% Confidence 

e Geomtric Limit on the sarnplc 

Adlnlum 227 

0" - 6" 1/30" 0.09 - 0.09 NIA NIA NIA NIA NIA NIA 0.025 NIA 

36" - 42" ZnO" 0.08 - 0.10 NIA NIA NIA NIA NIA NIA 0.020 NIA 

48" - 54" 1/21" 0.06 - 0.06 NIA NIA NIA NIA NIA NIA 0.020 NIA 

''= Glaciofluvial 1117" 0.08 - 0.08 NIA NIA NIA NIA NIA NIA 0.020 NIA 
4 
cy n11 w2"  0.06 - 0.10 NIA NIA NIA NIA NIA NIA 0.020 NIA 
i.uL 

Ceslum 137 

0" - 6" 3O/3Ob 0.15 - 0.71 Lognormal NIA NIA 0.341 1.563 0.440 0.33 0.25 - 0.49 

36" - 42" O/30b Avg SQL = 0.10 NIA NIA N/A NIA NIA NIA NIA NtA 

p 48" - 54" Onlb Avg SQL = 0.10 NIA NIA NIA NIA NIA NIA NIA 
A 

Glaciofluvial 0/17b Avg SQL = 0.10 NIA NIA NIA NIA NIA NIA NfA 

. . Ell 0/32b Avg SQL = 0.10 NIA NIA NIA NIA NIA NIA NIA NIA 

Lead 210 

0" - 6" 30/30 0.53 - 1.30 Lognormal NIA NIA 0.904 1.264 1 .m 0.89 0.84 - 1.03 

36" - 42" 26/30 0.31 - 0.83 Undefined NIA NIA 0.473 1.681 0.652 0.55 0.48 - 0.63 I 

48" - 54" 17/21 0.44 - 0.97 Undefined NIA NIA 0.446 1.768 0.676 0.52 0.46 - 0.63 

Glaciofluvial 15/17 0.31 - 0.97 Lognormal NIA NIA 0.46 1 1.617 0.653 0.50 0.47 - 0.55 

rii 26/32 0.31 - 0.83 Undefined NIA NIA 0.454 1.787 0.655 0.56 0.44 - 0.64 

I 

a 



TABLE El-5 
(Continued) 

upper 95% One- 
sample SamplCArithmtic sided Confidence 95% Confidence 

Frqucncy Rangeof A d h l l l E t i C  Standard sample sample Geometric Limit on the Sample sampte Intend on the 
Constituent of Detection Detection Distribution Mean Deviation Geomtric MmSmdard Deviatim M a  Median SampleMedian 

Potassium 40 

0" - 6 "  3000 13.10- 21.40 L o g n d  NIA N/A 16.129 1.130 16.888 15.80 15.40- 16.60 

36" - 42" 30/30 9.27 - 30.20 L o g n d  N/A NIA 16.417 1.365 19.114 16.30 14.30 - 18.80 

48" - 54- 21/21 8.60 - 31.00 Lognormal NIA NIA 16.420 1.402 19.969 16.10 14.20 - 20.20 

Glaciofluvial 17/17 9.27 - 21.20 Normal 14.835 4.057 NIA NIA 16.553 15.90 11.40 - 17.40 

Till 32/32 8.60- 31.00 Lognormal NIA NIA 18.087 1.359 20.911 17.10 15.70 - 22.40 
~~ 

Proladlnlum 231 
~~~~ ~ 

0" - 6" Of30a Avg SQL = 0.31 NIA NIA NIA NIA NIA NIA NIA NIA 

36" - 42" 0130" Avg SQL = 0.26 NIA NIA NIA NIA NIA NIA NIA NIA 

48" - 54" Onla Avg SQL = 0.25 N/A NIA NIA NIA NIA NIA NIA NIA 

Glaciofluvial 0/17a Avg SQL = 0.22 NIA NIA NIA NIA NIA NIA NIA NIA 

..' 
. Radium 224 

0" - 6 "  30PO 0.54 - 0.93 Undefined NIA NIA 0.798 1.135 0.837 0.84 0.77 - 0.86 

36" - 42" 30/30 0.30 - 1.07 L o g n d  NIA NIA 0.589 1.418 0.703 0.58 0.51 - 0.68 

48" - 54" 21/21 0.29 - O.% L o g n d  NIA NIA 0.550 1.405 0.670 0.54 0.47 - 0.67 

Glaciofluvial 17/17 0.29 - 0.87 L o g n d  NIA NIA 0.491 1.392 0.605 0.52 0.38 - 0.59 

Till 32J32 0.31 - 1.07 L o g n d  NIA N/A 0.635 1.376 0.741 0.62 0.51 - 0.81 

Radium 226 

0" - 6" 30130 0.85 - 1.48 L o g n d  NIA NIA 1.168 1.141 1.228 1.19 1.12 - 1.24 

36" - 42" 30pO 0.59 - 1.61 Undefined NIA NIA 0.901 1.307 1.019 0.83 0.77 - 0.94 

48" - 54" 21/21 0.63 - 1.38 Undefined NIA NIA 0.841 1.209 0.921 0.76 

F€Rx)UI RVDC.1229AEl-S109-23-93/):4Ppn 



TABLE El-5  
(Continued) 

uppa 95% One- 
Sample SampleArichmtic sided Confidmcc 95% Contidence 

Frequency Rangeof Arithmtic Standard sarnple sample Gcomtric Limit on the Snmplc Sample Interval on the 
Constituent o f h t i o n  Detection Distribution Mcan Deviation Geomhic Mean Smdd Deviation MlXll Median SampleMedian 

Glaciofluvial 17/17 0.63 - 1.29 Undefined NIA NIA 0.823 1.216 0.914 0.77 0.75 - 0.89 

Till 32/32 0.59- 1.61 Undefined NIA NIA 0.916 1.293 1.028 0.85 0.78 - 0.94 

Radlum 228 
~~ ~~ ~ ~ ~ 

1.03 - 1.14 0" - 6" 30/30 0.80- 1.27 Undefined NIA NIA 1.053 1.123 1.100 1.09 

36" - 42" 30/30 0.40 - 1.37 Lognormal NIA NIA 0.755 1.432 0.907 0.73 0.67 0.86 

48" - 54" 21/21 0.36- 1.27 Lognormal NIA NIA 0.701 1.419 0.860 0.7 1 0.59 - 0.83 

(3 Glaciofluvial 17/17 0.40- 1.16 Lognormal NIA NIA 0.630 1.394 0.777 0.68 0.46 - 0.75 
4 
0 Till 32P2 0.36- 1.37 Lognormal NIA NIA 0.812 1.396 0.955 0.78 0.67 - 1.04 

'& Ruthenium 106 

0" - 6" O/3Ob Avg SQL = 0.07 NIA NIA NIA NIA NIA NIA NIA N/A 

5 3 6 - 4 2  OOOb AvgSQL=0.06 NIA NIA NIA NIA NIA NIA NIA NJA 

48" - 54" O/21b Avg SQL=O.06 NIA NIA NIA NIA NIA NIA NIA NIA 

Glaciofluvial 0/17b Avg SQL = 0.06 NIA NIA NIA NIA NIA NIA NIA NIA 

Til1 0t32b Avg SQL = 0.07 N/A NIA NIA NIA NIA NIA NIA NIA 

Strontlum 90 

0" - 6" O/30b Avg SQL= 0.5 NIA NIA NIA NIA NIA NIA NIA NIA 

36" - 42" O/30b AvgSQL=0.5 NIA NIA NIA NIA NIA NIA NIA NJA 

48" - 54" I/21b 0.56 - 0.56 NIA NIA NIA NIA NIA NIA 0.25 NIA 

Glaciofluvial 0/17b Avg SQL = 0.5 NIA NIA NIA NIA NIA NIA NIA NIA 

Till I/32b 0.56 - 0.56 NIA NIA NIA NIA NIA NIA 0.25 NIA 

r 
\o 

Technetlum 99 



TABLE EJ-5 
(Continued) 

~ ~~~~~ 

uppa 95% one- 
sample SamplcAlithmtic sided Confidence 95% Conlidence 

Frequency Rangeof Alittlmtic Standard sample sample Gurmetric Limit on the Sample sample lntmal an the 
Constituent ofDetection tkteaion Distribution Mean Deviation Otomnic  Meanstandard Deviation Mean Median SampaeMcdian 

36" - 42" O/30b Avg SQL=O.9 NIA NIA NIA NIA NIA NIA NIA NIA 

48" - 5 c  ORIb AvgSQL=0.9 NIA NIA NIA NIA NIA NIA NIA NIA 

Glaciofluvial 0/17b Avg SQL = 0.9 N/A  NIA NIA NIA NIA NIA NIA NIA 

T i  0/3zb AvgSQL=0.9 N/A  NIA NIA NIA NIA NIA NIA NIA 

G Thorlum 228 
4 c f l -  6" 29/30 0.68 - 1.43 Normal 1.047 0.231 NIA NIA 1.119 1.04 0.99 - 1.10 

.- ' -6" - 42" 25/30 0.60 - 1.39 Normal 0.856 0.320 NIA NIA 0.955 0.86 0.72 - 0.99 

48" - 54" 16/21 0.63 - 1.25 Normal 0.739 0.3 1 1 NIA NIA 0.856 0.76 0.66 - 0.87 

Glacionuvial 12/17 0.66 - 1.25 Undefined NIA NIA 0.598 1.629 0.854 0.7 1 0.30 - 0.79 

Till 28/32 0.60 - 1.39 Normal 0.906 0.301 NIA NIA 0.997 0.90 0.79 - 1.0s E 
h Thorlum230 

1.25 - 1.57 

:: 36" - 42" 26/30 0.62 - 2.34 Normal 1.117 0.486 NIA NIA 1.268 1.09 0.90 - 1.32 

1.02 - 1.29 

0" - 6" 29/30 0.90 - 2.01 Normal 1.385 0.356 NIA NIA 1.496 1.42 

- _-, 

48" - 54" 19/11 0.75 - 2.02 Normal 1.152 0.422 NIA NIA 1.31 1 1.13 
,- 

Glaciofluvial 16/17 0.75 - 1.53 Normal 1.068 0.285 NIA N/A 1.189 1.10 0.99 - 1.20 

Till 27/32 0.62 - 2.34 Normal 1.175 0.537 NIA NIA 1.336 1.20 0.96 - 1.45 

Thorlum 232 

0" - 6" 3000 

36" - 42" 2000 

48" - 54" l6Rl 

Glaciofluvial 911 7 

Till 27/32 

0.64 - 1.52 Lognormal NIA NIA 0.998 1.208 1.079 1.01 0.92 - 1.07 

0.68 - 1.35 Undefined N/A NIA 0.640 1.723 0.902 

0.63 - 1.30 Normal 0.73 1 0.307 NIA NIA 0.846 0.71 0.63 - 0.86 

0.77 0.50 - 0.911' ' %  ' 'I 

0.63 - 1.00 Undefined NIA NIA 0.501 1.675 0.743 0.63 

0.63 - 1.35 Normal 0.843 0.295 NIA NIA 0.93 1 0.85 



TABLE E l 4  
(Continued) 

@ 
4 
@ 

Constituent ofDctcction Detection Distribution Mean Deviation Gcomtric MeanStandard Deviation MW Median sampleMedian 4 

Upper 95% One- 
sample SampleArithmtic sided Confidence 95% Confidence 

Frequency Range of ArilhIllCtiC. Standerd sample sample Geometric Iirnit on the Ssrnplc sample Interval on the 

Total Thorlum 

0" - 6" 

36" - 42" 

48" - 54" m 

30/30 0.67 - 1.31 Lognormal NIA NIA 0.979 1.157 1.036 0.99 0.91 - 1.07 

28/30 0.48 - 1.30 N o d  0.742 0.209 NIA NIA 0.807 0.71 0.69 - 0.77 

19/21 0.50 - 0.93 Normal 0.674 0.163 N/A N/A 0.735 0.70 0.61 - 0.74 

+ Cblaciofluvial 13/17 0.62 - 1.08 Undefined NIA NIA 0.601 1.517 0.802 0.70 0.62 - 0.73 

,I"U 32/32 0.48 - 1.30 Lognormal N/A NIA 0.741 1.235 0.809 0.72 0.68 - 0.80 
6 .  
93 Uranlum 239236 

w 

2 1, 

27/30 0.03 - 0.20 Lognormal N/A NIA 0.066 1.638 0.088 0.07 0.05 - 0.08 0"-6" 

36" - 42" 27/30 0.03 - 0.20 Lognormal NIA N/A 0.057 1.812 0.084 0.06 0.05 - 0.07 

48" - 54" 19/21 0.03 - 0.15 Lognormal NIA NIA 0.057 1.617 0.08 0.05 0.04 - 0.08 

Glacionuvial 13/17 0.04 - 0.15 Lognormal N/A N/A 0.045 1.71 5 0.072 0.05 0.04 - 0.06 

Ti11 31/32 0.03 - 0.20 Lognormal N/A NIA 0.064 1.66 1 0.086 0.06 0.0s - 0.08 

Uranlum 238 

0" - 6" 30/30 0.85 - 1.33 Lognormal NIA NIA 1.039 1.103 1.077 1.03 1.01 - 1.08 

36" - 42" 

48" - 54" 

- 
29/30 0.62 - 1.23 Normal 0.832 0.198 NIA NIA 0.894 0.79 0.74 .. 0.92 

19/21 0.60 - 1.04 Undefined N/A NIA 0.123 1.373 0.865 0.82 0.70 - 0.84 



TABLE EJ-5 
(Continued) 

Upper 95% One- 
Sample SampleArithmtic sided Confidence 95% Confidence 

Frequtncy Rangeof Arithmetic Standard Sample w e  Geometric Limit on the Sample sample Interval on thc 
Constituent of Detection Detection Distribution Mean Deviation Geometric MeanSrandard Deviation Mean Median SampleMedian 

Glacionuvial 14/17 0.62 - 1.23 Undefined NIA NIA 0.665 1.504 0.882 0.74 0.68 - 0.83 

Ti 32/32 0.64- 1.23 Lognormal NIA NIA 0.841 1.185 0.899 0.04 0.76 - 0.92 

Total Uranlum 

'When less than or qual to 10% of measured concentrations were above the SQL, only the range of detection and Sample d i a l  were presented. 
%s radionuclide is a fission product and iu  presence in the environment is due only to atmospheric releases of radiation (e.g., weapons testing). This radionuclide is not naturally occurring and 
is only expected to be present at or near detectable activities in the surface soil. 
'Individual activities of the lhree isotopes for uranium and thorium were converted to weight percents. The three isotope weight percents for each radionuclide were added to obtain total thorium or 
U f d U n l .  
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ATTACHMENT En 

Screening of Constituents of Potential Concern 

This attachment presents the screening assessment used for determination of constituents of potential 
concern (CPCs) for use in the quantitative baseline risk assessment. The methodologies for screening of 
CPCs is discussed in detail in Appendix E, Section E.II. Below is the legend used in this attachment that 
provides justification for elimination of a constituent as a CPC. 

LEGEND 

A 

B: 

C: 
D. 
E: 
F: 
G: 
H: 
I: 
J: 
K: 

Not Detected. 
Potential laboratory artifact - not site related. Risks are minor in compaI%on with other 
C P C s  retained. 
Nutrient (human). 
Low toxicity compound or detected at concentrations less than 1 mg/kg. 
Laboratory artifact - chemical used m uranium extraction procedure. 
Site characterization data not appropriate for risk assessment. 
Evaluates soil  nifrogen - not appropriate for risk assessment. 
Ubiquitous soil mineral. 
Doubtful compound; insufficient data. 
Compound not retained - no specific TEF for this congener (EPA 1989j). 
Thorium has no known toxic effects. Evaluated as a radiocarcinogen. 

All concentrations were calculated using a normalized distribution of the UCL. 

E-II-1 
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TABLE E.11-1 

PIT 1 MATERIAL ANALYTICAL RESULTS 

CIS DATA 

PARAMETER mEQ MAX DET UCL (95%) UNITS FREQ MAXDET UCL (95%) UNITS Reason forDeletion 
N-Nitrosodipropylarnine 
Phosphoric acid, Tribulyl ester 
I ,2,3,4,6,7,8-Heptachlotbenm-p- 

1,2,3,4,6,7,8-Heptachlo~odibenzohrran 
I ,2,3,4,7,8,9-Heptachlorodibenzoluran 
I ,2.3,4,7,8-Hexachlo~odibenzo-p-dioxin 
1,2,3,4,7,8-Hexachlorodibenzohtran 
I ,2,3,6,7,8-Hexachlorodibenzc+p-dioxin 
1.2,3,6,7,8-Hexachlorodibenzofuran 
I ,2,3,7,8,9-Hexachlorodiodibenzc+p-dioxin 
I ,2,3,7,8,9-Hexachlorodibenzofuran 

F p I ,2,3,7,8-Pentachlorodibenzo-p-dioxin 
h) I ,2,3,7,8-Pentachlorodibenzofuran 

2,3,4,6,7,8-Hexachlorodibenzofuran 
2.3.4.7.8-Pent achlorodibenzofuran 
2,3,7,8-TCDD 
2,3,7,8-TCDF 
Heplachlorodibenzo-p-dioxin 
Heptachlorodibenzofuran 
Hexachlorodibenzo-p-dioxin 
Hexachlordbenzohran 
Occachlorodibenzo-p-dioxin 
Octachlordbenzofuran 
Pentachlorodibenzo-p-dioxin 
Pentachlorodibenzohm --f 

0.3 
&-I;ERKNJI RUDF.1229UI.IIP-2 1-93/1O:Jdpm 

1.2 
1.2 

0.83 

0.77 
0.29 

0.53 

1.2 

0.41 
1.2 

14 
2.3 
2.7 
4.9 

2.9 
0.74 

0.76 

7.9 

0.77 
0.80 
ND 
ND 

0.66 
0.52 

0.23 
0.34 
ND 
ND 

0.73 

0.32 

0.75 
ND 
7.64 
1.45 

1.75 
3.21 
2.26 

0.54 

0.46 
ND 

4.69 

A 
E 

Retained 
Retained 

A 
A 

Retained 
Retained 
Retained 
Retained 

A 
A 

Retained 
Retained 
Retained 

A 
Retained 
Retained . 
Retained 

:ET: . 
Retained 

w 

Legend for this table ia presented on the fir, page of thii appendix. 



TABLE EJI-1 
(Continued) 

~ ~ ~~~ 

CIS DATA RIPS DATA 
b b  
-a PARAMETER FREQ MAX DET UCL (95%) UNlTS FREQ MAXDET UCL(959b) UNlTS ReasonforDeletion 

Tetrachlorodibenzo-p-dioxin 
Tetrachlorodibenzofuran 
Ammonia 
Phosphorus 
Sulfide 
Total kjeldnhl nitrogen 
Total organic carbon 
Toral organic nitrogen 

2.4.5-T 
2,4,5-TP (SILVEX) 
2,4-D 
Dinoseb 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 

Cadmium 
Calcium 
Chrom i um 
Cobalt 

Copper 
Cyanide 
Iron 

TR-FFRIOUI RUDF.I229EIl1.119-2 I-93/lOYpm 

616 
I I6 
616 
616 
516 

516 
1 I6 
616 
316 
I 16 
016 

616 

20200 
0.4 
15 

395 
2.2 

5 
4760 
46 
28 
20 

19700 

15129.759 mg/kg 
0.9630366 m a g  
11.306187 mg/kg 
373.81221 m a g  
1.8110180 mgkg 

3.3207955 mgkg 
58997.826 mgkg 
30.105842 m a g  
16.692645 mglkg 

47.157797 m a g  

13 106.454 mglkg 
ND mglkg 

016 
616 
1/1 
111 

O r t  
111 

3P 
01 1 

015 

015 
015 
016 
616 
616 
516 
616 
616 
415 
616 
616 
616 
616 
616 
316 
616 

35 
48 

6.73 

47.7 
33600 

4690 
125 
1.7 
439 
12.5 
1650 
18.5 

197000 
347 
46.8 
113 
0.73 
2610 

ND 
20.74 

ND 

46327.65 
ND 
ND 
ND 
ND 
ND 

3540.66 
88.86 
1.70 

405.26 
8.21 

1220.93 
16.17 

144955.30 
225.50 
33.76 
80.03 
0.45 

2121.38 

A 06 
Retained ' 

G 
C 
A 

F 
I? 
A 
A 
A 
A 
A 
C 

Retained 
Retained 
Retained 
Retained 
Retained ' 

Retained 
C 

Retained 
Retained 
Retained 
Retained 

C 

I! 8s 
fE! 



TABLE EJI-1 
(Continued) 

RUFs DATA CIS DATA 
PARAMETER FREQ MAX DE" UCL(9596) UNITS FREQ MAXDET UCL(958) UNITS ReasoaforDeletion 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 

Polaqsium 
Selenium 
Silicon 
Silver 

SOdiUm 

Thallium 
Tin 
Vanadium 
Zinc 
Azinphosmeth yl 
Demeton 
Diazinon 
Dimethoate 
Disulfoton 
Ethion 

Faniphu r 
Malathion 
Parathion, Ethyl 
Parathion, Methyl 

116 
116 

616 
I I6 

616 
616 
016 

416 
516 
116 

616 
416 

17 
7610 
2910 
0.3 

65 
2560 

33 
3640 
0.3 

67 
58 

28.6991 16 mg/kg 

17383.444 m a g  
2128.4569 mglkg 

0. I822620 mglkg 

41.796909 m a g  
2209.7428 mglkg 

ND m a g  

17.836738 m a g  
2372.7190 m a g  
0.2228623 m a g  

48.267723 m@g 
36.656890 mglkg 

53.4 
129000 
3720 

32.7 
57.4 
1210 

7190 
189 
1930 
0.46 

142 
24.9 

36.61 
11 1801.88 
2036.51 
ND 
25.66 
47.05 
890.18 
ND 

5832.72 
122.46 
1300.89 
0.35 
ND 
95.71 
19.3 1 
ND 
ND 
ND 
ND 
ND 
Nil 
ND 
ND 
ND 
ND 

Retained 
C 

Retained 
Retained 
Retained 
Retained 

C 
A 

H 
Retained 

H 
Retained 

A 
Retained 
Retained 

A 
A 
A 

A vp.; 
A 
A 

A 

A m  
A *  

A 



TABLE E.11-1 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER 
~~ 

FREQ ~ MAX DET UCL (95%) UNITS FREQ MAX DET UCL (95%) UNITS Reason for Deletion . 
Phorate 
SUI fotepp 
Tetraeth y lp yrophosphate 
Thionazin 
4,4’-DDD 
4,4’-DDE 
4.4’-DDT 
Aldrin 
alpha-BHC 
alpha-Chlordane 
Aroclor- 101 6 
Aroclor- I22 I 
Aroclor- I232 
Aroclor- I242 
Aroclor- I248 
Aroclor- I254 
Aroclor- I260 
beta-BHC 
Chlordane 
Chlorobenzilate 
delta-BHC 
Dieldrin 
Endosulfan 1 

Endosulfan I1 
Endosulfan Sulfate 

016 
016 
1 I6 
016 
016 

016 
016 
016 
016 
116 
616 
216 
016 
016 

016 
016 
016 
016 
016 

1600 

3500 
I I500 
7800 

ND 
ND 

934.39873 
ND 
ND 

ND 
ND 
ND 
m 

2541.3015 
9978.4540 
6109.6519 

ND 
ND 

ND 
ND 
ND 
ND 
ND 

015 

016 
015 

015 
015 

015 
015 

015 
015 
015 
015 
1 I5 
015 
015 

516 
515 
015 

015 

Ot3 
015 

015 

015 
015 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

4600 4 124.6 1 
ND 
ND 

loo00 7065.85 
10000 9253.89 

ND 
ND 

ND 
ND 
ND 

ND 
ND 

A 

A 
A 
A 
A 

A 

Retained 
A 
A 

A 
A 

Retained 
A 
A 

Retained 
Retained 

A 

Pi 

PL 

A 
A 

A 
PL 

A 
PL 

f ’. 

- A  



TABLE E.11-1 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAX DET UCL(959b) UNITS FREQ MAXDBT UCL(959b) UNITS Reason forDeletion 

Endosulfan-I 
Endrin 
Endrin Ketone 
gamma-BHC (Lindane) 
gamma-BHC (Lindane) 
gamma-Chlordane 
Heptachlor 
Heptachlor Epoxide 
I S o d M  

Kepone 
Methoxychlor 
Toxaphene 
I ,2,4.5-Ternchlorobenzene 
I ,2,4-Trichlorobenzene 
I ,2-Dichlorobenzene 
I ,3,5-Trinitrobenzene 
I ,3-Dichlorobenzene 
I ,3-Dinitrobenzene 
I ,4-Dichlombenzene 
1,4-Naphthoquinone 
1 -Naphthylamine 
2,3,4,6-Tetrachlorophenol 
2,4,5-TricNorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 

016 
016 

016 

016 

016 

016 
016 

016 
016 

016 

016 

016 
016 
016 

ND 
ND 

ND 

ND 
ND 

ND 
ND 

ND 
ND 

ND 

ND 

ND 
ND 
ND 

015 

015 
015 

015 

015 
015 

015 
On 
013 

015 
015 
on 
018 

018 

Of2 
018 
OP 
018 
014 
on 
OD 
OB 
018 
018 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
M) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 
A 

A 
A 

A 
A 



TABLE E.11-1 
(Continued) 

PARAMETER 

~ 

CIS DATA M/FS DATA . 7' 

FREQ MAXDET UCL(959b) UNlTS FREQ MAXDET UCL(958) UNITS ReasonforDeletion 

2,4-Dimethylphenol 
2,4-DiNtrophenol 
2,4-Dinitrorolwne 
2,6-Dichlorophenol 
26-Dinit rotoluene 
2-Acet ylaminotluorene 

C> 2-ChloronaphU1alene 
-2 
CD 2-Chlorophenol 
u 2-Methylnaphthalene 

2-Mcthylphenol 
m 2-Naphthylamine 
Ei 2-Nitroaniline & 

2-Nitrophenol 
2-Picoline 
3,3'-Dichlorobenzidine 
3,3'-Dimethylbenzidine 
3-Merhylcholanthrene 
3-Merhylpheno! 
3-Nitroaniline 
4,6-Dinitro-2-mer hylphenol 
4-Aminobiphenyl 
4-Bromophenyl phenyl ether 
4-Chloro-3-met hylphenol 
4-Chloroaniline 
4-Chlorophenylphenyl ether 

016 
016 

016 

016 

016 
016 
216 240 

016 

016 
016 

116 130 

016 
016 

016 

016 
016 
016 

ND 
ND 
ND 

ND 

ND 

ND 
250.608 12 

ND 

ND 
ND 

534.52081 

ND 
ND 

ND 

ND 
ND 
ND 

OB 
018 
OB 
OD 
018 
0l3 

018 
018 

218 
018 

OD 
018 

018 

Ol3 
OB 
Ot3 
Ot3 

113 

018 

018 
Ol3 
018 

018 

018 

018 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

140 298.29 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

42 579.70 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

A 
A 
A 

A 

A 
A 

A 

A 

D 
A 

A 
A 

A 
A 
D 
A 
A 

D 
A 

A 
A 

A 

1 A 

A B,b 
A Q! 



TABLE E.U-1 
(Continued) 

CIS DATA RIPS DATA 
PARAMETER 

~~~ ~ ~~ ~ ~~~~~~ 

FREQ MAX DET UCL(959b) UNiTS FREQ MAXDET UCL(959) UNITS Reason forDeletioo 
4-Met hylphenol 
4-Nitroaniline 
4-Nitrophenol 
4-Nitroquinoline- I -oxide 
5-Nitro-o-toluidine 
7, I2-Dinielhylbenz(a)an~cene 
a,a-Dimelhylphenerhylamine 
Acenapht hene 
Acenapht hylene 
Acetophenone 
Aniline 
Anrhtacene! 

Aramite 
Benzo( a)anthracene 
Benzo(a)pyrene 
Benzo(b)lluoranthene 

': Benzo(g,h.i)perylene 
Benzo( k)fluoranthene 
Benzoic acid 
Benzyl alcohol 
B is( 2-chloroet hoxy)methane 
Bis(2-chloroelhyl)eU1er 
Bis( 2-chloroisopropyl)etheher 
Bis(2elhylhexyl)ph~halate 
Butyl benzyl phthalate 

T R a U l  -.I 229M.lp.2 I -93/IOYpn 

016 

016 

016 

016 

016 

116 

316 

I 16 

516 

016 

116 

01 I 

016 

016 

016 

016 

216 

016 

74 

180 

140 
330 

I40 

1800 

ND 
ND 
ND 

ND 
ND 

267.4 1355 

244.69352 

257.30299 

307.14881 

ND 
257.30299 

ND 
ND 
ND 
ND 
ND 

1384.8624 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1253.31 

ND 
ND 
ND 
ND 

380 

350 354.08 
ND 

A 
A 
A 
A 

A 

A 
A 
A 
A 

A 

A 

D 
A 

Retained 
Retaiaed 
Retained 

A 
Retained 

B 
A f ' *  
A ! 



TABLE E.11-1 
(Continued) 

PARAMETER 
CIS DATA RWS DATA 

FREQ MAX DET UCL(95%) UNlTS FREQ W D E T  UCL(95%) UNITS Reason forDeletion 

Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Diallate 
Dibenzo(a,h)anthracene 
Dibenzofuran 

Diethyl phthalate 
Dimethyl phthalate 
Diphenylamine 
Ethyl methanesulfonate 
Fluoranthene 

\o F Fluorene 

,.. . Hexachlorobentene 
Hexachlorobut adiene 

(3 
4 Hexachlorocyclopenladiene 

-1 . 'g) Hexachlorwlhane 
Hexachlorophene 
Indeno( I ,'tS-cd)pyrene 
Isophorone 
lsosafrole 
Melhapyrilene 
Methyl methanesulfonate 
N-nitroso-di-n-propylamine 
N-nitrosodi-n-butylamine 

N-nimsodiethylarnine 

516 

016 

416 

016 

016 

016 

016 

616 

016 

016 

016 

016 

016 

016 

016 

016 

540 45 1.28733 ug/kg 

830 525.48371 ugkg 
ND uglkg 

430 338.98172 uglkg 

ND ug/kg 

ND ug/ke 

ND ug/kg 
ND ug/kg 

ND 

TR-FERpuI Rl/DF.l2299en. I ?  ! I - O Y / l O Y p n  

Ih 

018 

1/8 

018 

OD 
018 

OD 
018 
018 

014 
on 
2D 

018 

0/8 

018 

018 

018 

on 
018 

018 

on 
011 

014 

018 

on 
on 

ND 
83 305.05 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

lo00 53 1.84 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Retained 
B 
B 
A 
A 

A 
A 

A 

A 
A 

Retained 
A 

A 

A 

A 

A 

A 

A 

A 

A 
A 
A 

' A  

A 
A 



, 

TABLE E.11-1 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL(9546) UNITS FREQ MAXDET UCL(9596) UNITS ReasonforDeletion 

N-nitrosodimethy lamine 
N-nitrosodipheny lamine 

N-nitrosomethylethylamine 
N-nitrosomorpholine 
N-nitrosopiperidine 

N-nitrosopy rrolidine 
Napht hidene 
Nitrobenzene 
o ,o ,o-Triethy lphosphororhioate 
o-Toluidi ne 
p-Dimerh ylaminoazobenzene 
p-Phenylencdimiine 
Pentachlorobenzene 
Pentachloruethane 
Pentachloronivobenzene 
Pentachlorophenol 
Phenacetin 
Phenanthrene 
Phenol 
Pronamide 
Pyrene 
Safrole 
Tributyl phosphate 
I ,  I ,  I ,2-Tetrachloroethane 
I ,  I ,  I -Trichloroethane 

016 

216 
016 

016 

616 
016 

616 

I I5 

ND 

67 255.12433 
ND 

ND 

2400 188 1.9053 
ND 

360 287.76547 

I20 119.528 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2100 1139.00 
420 345.41 

ND 
490 364.54 

ND 
25000 32646.66 

ND 
120 42.39 

A 

A 
A 
A 
A 
A 
D 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A ,. 

Retained-’--’ 
D 
A ’: 
D 

A 

R e t a i n e w  

D 

Legend for this table Ir prracnccd on chc fint page of this ippcndix. 



TABLE EJI-1 
(Continued) 

CIS DATA R W  DATA 

PARAMETER FREQ MAX DET UCL(9596) UNlTS FREQ MAXDET UCL(9596) UNlTS Reason folrDeletioo 
I ,  I ,2,2-Tetrachloroehane 
1, I ,2-Trichloroethane 
I ,  I-Dichloroethane 
I ,  I-Dichloroethene 
I ,2-Dibrorno-3-chloropropane 
I ,2-Dibromoethlme 
: 1,2-Dichloroehme 
,T- 
-c 

I ,2-Dichloroehylene 
I ,2-Dichloropropanc 
I ,3-Dichloropropene 

- 7  +- 

p 1.4-Dioxane 
7 2-Butanone 
L-I 
L-I 2-Chloro- I ,3-butadiene 

2-Chloroethyl vinyl ether 
2-Hexanone 
3-Chloropropene 
4-Met h yl-2-pent anone 
Acetone 
Acetonitrile 
Acrolein 
Acrylonitrile 
Benzene 
Bromodichloromelhane 
Bromoform 
Bromomehane 

z-1 

Tit-FUYOUI RuDF.I229Ell.llP-2 I .93/IOwpm 

015 

015 

015 

015 

015 

015 

015 

515 

015 

015 

015 
1 I5 

015 

015 

015 

015 

ND 
ND 
ND 
ND 

ND 

ND 
ND 

3800 3207.1044 

ND 
ND 

ND 
320 33 1.15943 

ND 
ND 
ND 
ND 

ND 
ND 

33 12.29 
16 7.18 

ND 

ND 
ND 

ND 
ND 

51.7 3641.00 
29 15.76 

ND 

10 1.34 
ND 

8 6.00 
170 92.08 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

A 
A 

D 
D 
A 

A 
A 

A 

A 

A 
D 
El 
A 

A 
D 
A 
n 
B 
A 
A 

A 
A 

A 

A 

A 



TABLE E.11-1 
(Continued) 

PARAMETER 

CIS DATA RUPS DATA 

FREQ MAX DET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS ReasonforDeletion 

Carbon disulfide 

Carbon ternchloride 
Chlorobenzene 

. Chloroethane 
Chloroform 
Chloromethane 
Cis- I ,3-dichloropropene 

Di bromochloromethane 
Dibromomethane 

Dichlorodifluoromethane 
Elhyl cyanide 
Ethyl methacrylate 

Ethylbenzene 
lodomethane 
Isobutyl alcohol 
Me thacry loN tri le 
Methyl methacrylate 
Methylene chloride 
Pyridine 
Styrene 
Tet nchloroethene 
Tolucne 
Total Xylenes 
trans- I ,2-Dichloroelhene 
trans- 1.3-Dichloropropene 

015 

015 
01s 

015 
315 

015 

015 

215 

315 

015 

I I5 
315 
015 

015 

ND 
ND 
ND 
ND 

210 170.98206 

ND 

ND 

55 120.278 15 

lo00 684.29881 

ND 
I20 119.528 

96 I 17.88741 

ND ug/kg 
ND 

019 

1P 
OD 
OP 
619 

OD 
019 

OD 
014 

1/2 

014 

4 P  

014 

on 

014 

014 

014 

1 I 9  

OP 
019 

6 P  

619 

8 P  

OD 

2 

600 

29600 

220 

26 

650 

49 

1100 

ND 
3.35 
ND 
ND 

220.3 1 

ND 
ND 
ND 
ND 

107881.86 
ND 
ND 

80.26 
ND 
ND 
ND 
ND 

12.55 

ND 

ND 
252.22 

18.58 

408.47 

ND 

A 

B 
A 

A 

B 
A 

A 

A 

A 

Retained 
A 

A 

D 
A 

A 

A 

A 

B 
A 

A 

Retained 
B 

A 

A 

A 



TABLE E.11-1 
(Continued) 

CIS DATA RIPS DATA -- ., 
PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAXDET UCL(95%) UNITS Reason forDeletioa 

trans- I ,4-Dichloro-2-butene Ol3 ND ug/kg A v '* 

Tnchloroethenc 015 ND uglkg 319 27 10.89 U g / k 8  ID ), ' 

Trichloro fluoromethane 014 ND U g l k 8  A 
Vinyl Acetate 015 ND uslkg 019 ND uslke A. 

Vinyl Chloride 015 ND uglkg 019 ND u m  A 

1,2,3-TrichIoropropane 014 ND uslkg A 
Liquid Limit 515 20 12.53 S.U. F 
Plasticity Index 515 3 1.88 S.U. P, 

Specific Gravity 515 3.1515 3.11 S.U. F' 



- 
TABLE E.11-2 

PIT 2 MATERIAL ANALYTICAL RESULTS 

CIS DATA RIPS DATA 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS- ReasonforDeletion 

I -Methyl pyrene 
3H-Benz(e)indole-2-&xytic 
4-Chlorophenyl phenyl ether 
4-Methyl-2-hexanone 
5 ,S-Dimethyl-2( h)- furanone 
9H-Fluorene-9-carbonihile 
Benz(c)phenanthrene 
Benz(e)acephenanthrylene 
Benzo(b)naphtho(Z, 1d)thiophene 
Benzo(c)phenanthrene 
Benzo(ghi)fluomthene 
BenzoCj)fluomthene 
Hexanedioic acid, dioctyl ester 
Methyl Pyrene 
Methyl Triphenylene 
N-nitrosodipropylamine 
I ,2,3,4,6,7,8-Heptachlorodibenzo-p 
I ,2,3.4,6,7,8-Heptachlorodibenzofum 
I ,2,3,4,7,8,9-Heptachlorodibenu>furan 
I .2.3,4,7,8-Hexachlorodibenzcbp-dioxin 
I ,2,3,4,7,8-Hexachlorodibenzofuran 
I ,2,3,6,7,8-Hexachlorodibenzcbp-dioxin 
I ,2,3.6,7,8-Hexachlorodibenzofuran 
I ,2.3,7,8.9-Hexachlorodibenzcbp-dioxin 
I ,2.3,7,8.9-Hexachlorodibenzofuran 

220 
2800 

3500 
2100 
500 
I100 
1700 
540 
940 
I200 
620 
7500 
1 loo 
500 

ND 
- 

1310.82 

ND 
3.8 3.30 
1 0.866 

ND 
ND 

0.26 0.256 
ND 
ND 
ND 
ND 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
A 

Retained 
Retained 

A 
A 

Retained 
A 
A 

A 
A 

' c g e d  for chi table la preuntcd on 



TABLE E.11-2 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER n E Q  MAX Dm UCL(958) UNlTS FREQ MAXDm UCL(9596) UNlTS Reason forDeletion 

I ,2,3,7,8-Pentachlorodibenmpdioxin 014 
I .2,3,7,8-Pentachlorodibenmfuran 
2,3,4,6,7,8-Hexachlorodibenzofuran 
2.3,4,7,8-Pentachlorodibenzofuran 
2,3,7,8-TCDD 
2,3,7,8-TCDF 
Heplachlorodibenzo-p-dioxin 
Heptachlorodibenzofuran 
Hexachlorodibenzo-p-dioxin 

Hexachlorodibenzofuran 

Octachlorodibenzo-pdioxin 

Octachlorodibenzofuran 
Penrachlorodibenzo-p-dioxin 
Pentachlorodibenzofuran 
Tetrachlorodibenzo-p-dioxin 
Tet rachl orodibenzo fu ran 

Ammonia 
Bromide 
Chloride 
Fluoride 
Nitrate 
Oil and grease 
Phosphate 
Phosphorus 
Sulfate 

8. I 
5.9 
0.32 
2.7 
45.9 
4.9 

0.55 

2.4 

4898 

9054 
16000 

1235 
43703 
739 

ND 
ND 
ND 
ND 
ND 
ND 
7.05 
5.12 
0.367 
2.28 
40.3 
4.30 
ND 
0.481 
ND 
ND 
2.32 
ND 

10,148 
ND 

21,478 
20,680 
4,049 
46,524 
1.02 I 

A 

A 

A 

A 
A 

A 

Retained 
Retained 
Retained 
Retained 

Retained 
Retained 

A 

Retained 
A 
A 

G 
A 

c 
A 
C 
F 
C 
C 
C 



TABLE EM-2 
(Continued) 

PARAMETER 

CIS DATA RIPS DATA 

FREQ MAX DET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS Reason forDeletion 

Sulfide 

Total organic carbon 

Total organic nitrogen 

PH 
2,4,5-T 
2,4,5-TP (silvex) 

2,4-D 
Dinoseb 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 
Cyanide 

Iron 

Lend 

Magnesium 

Manganese 

Mercury 

515 
215 
515 
515 
515 

515 

515 
515 

515 

515 

015 
515 

515 

515 

515 

415 

22400 
1.2 
10 

208 
8.9 

9.6 

80100 

91 
45 I 
329 

24000 
I90 

26700 
917 
0.7 

21707.106 
0.9952706 

1.5098557 
174.27450 
6.3982923 

7.92 17 153 
71127.128 
67.383971 
294.675 19 
222.44 171 

ND 
24 188.090 
139.92330 

25875.952 
846.475 14 
0.58 13590 

OD 
2n 
214 
414 
On 
OD 
OD 
015 

414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
41p 

113712 
11700 
8.91 

23100 
55.4 

423 
1920 
26.9 

238 
12.8 

104OOO 

282 
1470 
1340 
2.9 

39200 
758 

67900 
2850 
2.6 

ND 
12 1,343 
12,157 
8.73 
ND 
ND 
ND 
ND 

23,310 
58.8 
380 

1,955 
26.8 
248 
13.5 

113,005 
294 

1,322 
1,259 
2.64 

36,437 
848 

69,4 1 5 

2,657 
2.81 

A 

F 
F 
F 
A 

A 

A 
A 

H 
Retained 
Retained 
Retained 
Retained 
Retained 

Retained 
C 

Retained 
Retained 
Retained 
Retained 

C 
Retained 

L e g d  for thii hbk u premtcd on the fir.! p g e  of chis ippcndix. 
' .". 



TABLE E.11-2 
(Continued) 

CIS DATA RIPS DATA 
- 

PARAMETER FREQ MAX DET UCL (95%) UNITS FREQ MAX DET UCL (95%) UNITS Reason forDeletion 
Retained \ 

1 I1 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 

-;i Sodium 
4 cT! Thallium 

Tin 
Vanadium 
Zinc 

E Azinphosmethyl 

Demeton 
Diazinon 
Dimethoate 
Disulfoton 

Elhion 
Famphur 
Malathion 
Parathion, ethyl 

Parathion, methyl 
Phorate 

4 

Sulfotepp 
Tetraeth y lpy rophmphate 
Thionazin 

515 
515 

315 

315 

515 
015 

515 
515 

609 403.57251 

4320 35 19.6538 

10 6.6709825 

23 17.1 13082 

2300 1743.6771 

ND 

106 82.489986 

3250 2070.0181 

215 193 

1740 

10800 

131 

2640 

42.5 

8710 

2.4 

594 

488 

1,581 

10,87 1 

114 

2,675 

41.0 

8,099 

2.10 

ND 
529 

468 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Retained % .  
C 

Retained 

d HI 
Retained 
C 

Retained 
A 

Retained 
Retained 

A 

At 

At 

A 
A, 

At 

At 

A 
A 
A 

A 

A 

A 

A 

Ir 



e 
TABLE E.11-2 

(Continued) 

CIS DATA RI/FS DATA I 
PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ W D E T  UCL(95%) UNITS ReasonforDeletioa 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 

Alpha-BHC 
Alpha-Chlordane 
Aroclor- I O  I6 

Aroclor- I22 I 
Aroclor- I232 
Aroclor- I242 
Aroclor- I248 
Aroclor- I254 
Aroclor- I260 
Beta-BHC 
chlordane 
Chlorobenzilate 
Delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan 11 

Endosulfan sulfate 
Endosulfan-I 
Endrin 
Endrin ketone 
Gamma-BHC (Lindane) 

TR-FER/OUI RUDF.12BF" ' 'I ? 1-93/11 

015 

01s 

215 

015 
015 

015 

015 

015 

015 

1 I5 
I I5 
015 

015 

015 

015 

015 

015 

015 

015 

015 

015 
015 

ND 
ND 

I400 1042.7948 
ND 
ND 

ND 
ND 
ND 
ND 

32 I 1750.3644 

323 3357.1 144 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

4900 4,322 
ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

A 
A 

Retaioed 
A 
A 
A 
A 

A 
A 

A 
Retained 
Retained 

A 
A 

A 
A 
A 
A 

A 
A 
A 

w 

I..e~cnd For lhir table ir pmrntcd on the Ria! p*p* of thir 'ppendix. 



TABLE E.11-2 
(Continued) 

CIS DATA 
i 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAXDET UCL(959b) UNlTS ReasonforDeletioa 

Gamma-chlordane 
Heptachlor 
Heptachlor epoxide 
Isodrin 
Kepone 
Mclhoxychlor 

Toxaphene 
I ,2,4,5-Tcuachlorobenzene 
I ,2,4-Trichlorobennme 

I ,2-Dichlorobenzene 

y I ,3-Dichlorobenzene 
u +I I ,3-Dinitrobenzene 

I .4-Dichlorobenzene 

’2 I -Naphthylamine 
:3/- 
4 ..: 2.3,4,6-Tewachloroph no1 
-4 2,4,5-Trichlorophenol 
-4 

2,4,6-TrichlorophenoI 
2,4-Dichlorophenol 
2P-Dimelhylphenol 
2,4-Dinit rophenol 
2,4-Dinitro1olwne 
2,6-Dichlorophenol 
2,6-Dinitrotoluenc 
2-Acer ylaminofluorene 

2-Chloronaphthalene 

\o 
.) 

015 
015 

015 
015 

015 
015 
015 

015 

015 

015 
015 

1 I5 
015 
015 

015 

015 

ND 
ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 
ND 
ND 

I50 587.69442 
ND 
ND 

ND 

ND 

014 

014 
014 

OD 
OD 
014 
014 

OD 

On 
On 
OD 
On 
OB 
OB 
O i l  
On 
O i l  

OP 

OD 

011 

on 

on 

on 

on 

on 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

A 
A 

A 

A 

A 
A 

A 
A 

A 
A 

A 

A 
A 

A 

A 

A 

A 
A 
D 
A 

A 

A 

A 
A 

A 

Lcgmd for thir hbk b p ” l b b d  on thc fist page of thir mppmdir. 

W 



TABLE EJI-2 
(Continued) 

CIS DATA RUFS DATA 

PARAMETER FREQ MAX DET UCL (9596) UNITS FREQ MAXDET UCL(9596) UNlTS ReasonforDeletion 

2-Chlorophenol 
2-Methylnaphthalene 
2- Met hylphcnol 
2-Naphthylamine 
2-Nitrodtine 
2-Nitrophenol 
2-Picoline 
3.3 '-Dichlorobenzidine 
3,3'-Dimehylknzidk 
3-Methylcholanthrene 
3 -Methy lphenol 
3-Nitrod line 
4,6-Dinitro-2-methylphenol 
4-hinobiphenyl 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenylphenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
4-Nitroquinoline- I -oxide 
5-Nitro-o-toluidine 
7, 12-Dirnethylbenz(a)anlhracene 
A,a-Dimelhylphenelhylmh 

015 

215 
015 

015 

015 

015 

015 

00 

015 

015 

01s 

013 
1 I5 
I15 
015 

ND 
7000 4499.3226 

ND 

ND 
ND 

ND 

ND 
ND 

ND 
ND 

ND 
ND 

350 607.19247 
4900 4209.7360 

ND 

in 
317 
OTt 
OD 
on 
on 

on 
OD 

011 
011 

OD 
OP 
OD 
OD 

In 
OD 

on 

on 
in 
on 
V7 
OD 
013 
011 
011 

220 1,272 
7800 4,976 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

230 1,272 
ND 
ND 

190 1,278 
ND 

190 6,147 
ND 
ND 
ND 
ND 

D 

Retained 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 

A 
A 
A 
D 
A 
A 
D 

Retained 

A 

IRmR/QUI ~ . l 2 2 9 ~ 1 1 . 2 / 9 - 2 1 - 9 ~ 1  I * 



TABLE E.11-2 
(Continued) 

~~ 

RIPS  DATA CIS DATA 

PARAMETER FREQ MAX DET UCL (95%) UNITS FREQ MAX DET UCL(9556) UNlTS Reason forDeletion 
Retained 2 Acenapht hene 

Acenaphthylene 
Acetophenone 
Aniline 
AnIhraWE 

Aramite 
Benzo(a)anthracene 
Benzo( a)pyrene 
Benzo(b)fluoranthene 
Benzo( g,h,i)perylene 
Benzo( k)fluoranthene 
Benzoic acid 
Bcnzyl alcohol 
Bis( 2-chlorocrhoxy)n~ethanc 
Bis(2-~hloroethyl)e1hher 
Bis( 2-chloroisopropyl)ether 
Bis(2ethylhexyl)phthalate 
Butyl benzyl phthalate 

Di-n-butyl phthalate 
Di-n-octyl phthalate 
Diallate 
Dibenzo(a,h)anthracene 
Dibenzoluran 
Diethyl phthalate 

ChrySene 

TR-FFRh3UI R W . 1  ZZ9UI.M-2 1-93/1 I COpm 

215 
115 

415 

515 
415 
515 
315 
415 
013 
015 
015 

015 
015 

015 

015 

516 
1 I5 
415 

215 
315 
015 

1200 
43000 

120000 

13oooO 
12oooO 
loo00 
42000 
75000 

13oooO 
96 
570 

I6000 
36000 

875.82029 
27080.475 

7 5512.274 

82038.101 
75696.609 
7405.4095 
265 09.642 
47292.673 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

6593 1.88 1 
637.40777 
662.45051 

10203.624 
22722.771 
ND 

317 
1l7 
on 
OP 
3i7 
011 

317 
3l7 
317 
317 
3 P  
4 P  
ol7 
0/7 

QP 
OP 
1P 
Ol7 
2l7 
Ol7 
1D 
O b  
317 
317 
1l7  

31000 
110 

56000 

IOOOOO 
68000 
13oooO 
42000 
44000 

850 

980 

86000 

480 

2oooo 
21000 

1 IO 

20,046 
1,280 
ND 
ND 

30,808 
ND 

62,237 
43,659 
55,627 
27,330 
25,625 
4,307 
ND 
ND 
ND 
ND 
1224 
ND 

46,191 
ND 

1,274 
ND 

10,995 
13,665 
1,283 

Retained 
A 

A 
Retained 

A 

Retained 
Retained 
Retained 
Retained 
Retained 

B 
A 
A 

A 
A 

B 
B 

Retained 
€3 

El 
A 

Retained 
Retained 

B 

Legend for thia bble is p e a n r c d  on Ihc fir& page of this appendix. 

a 



TABLE E.11-2 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAX DET UCL(95Z) UNITS FREQ MAXDET UCL(95%) UNITS Reason forDeletion 

Dimethyl phthalate 

Diphenylamine 
Ethyl methanesulfonate 

Fluoranthene 
-.I Fluorene 

-4 Hcxachlorobenzene 
''- . ' He xachlorobut adicnc 

'. 
.. 

Hcxnchlorocyclopcnladiene 
Hexachloroethane 

Hexachlorophcne 
Hexachloropropene 
Indeno( I .2,3-cd)pyrene 
I sophorone 
Isosafrole 

Methyl methanesulfonate 

N-nitroso-di-n-prop y lamine 
N-niuosodi-n-butylamine 

Q3 N-nitrosodiethylamhe 

* N-nitrosodimethylamine 
N-ni trosodipheny l iun ine 

N-nitrosomethy lethylamine 
N-ni trosomorpholine 

N-nitrosopipendine 
N-ni kosopyrrol idi ne 

Nnphl halene 

015 

515 
315 
015 

015 
015 

015 

315 
015 

Ot2 

015 

315 

ND 

490000 308915.33 
62000 39 137.699 

ND 

ND 

ND 
ND 

46000 29050.446 
ND 

ND 

ND 

I6000 10274.064 

017 

OD 
013 
517 
317 
017 

017 
017 
017 

011 
012 

317 
017 
OP 
OD 
OP 
OD 
OD 
0P 
117 
OP 
OD 
on 
013 
317 

ND 
ND 
ND 

28oooO 1 58,105 
37000 23,188 

ND 
ND 
ND 
ND 
ND 
ND 

37000 23,459 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

170 1,278 
ND 
ND 
ND 
ND 

23000 14,272 

B 
A 

A 

Retained 

Retained 
A 

A 

A 

A 

A 

A 

Retained 
A 

A 

A 

A 

A 

A 

A 9 ': 

D 
A 

A 

A 

A 

Retained 



TABLE E.11-2 
(Continued) 

~ ~~~ ~ ~~~~ 

CIS DATA R I P S  DATA 

PARAMETER FREQ MAXDET UCL(95%) UNITS FREQ MAXDET UCL(9596) UNITS ReasooforDeletin 

Nitrobenzene 
O,o,o-Trier hylphosphorolhioate 
0-To1 uid i ne 

P - D i m e ~ ~ y l a n i i n o a z o ~ n ~ n e  
P-phenylenediamine 
Pentachlorobenzenc 

Pentachloroethane 
Pentachloronitrobenzene 
Pentachlorophenol 
Phenacetin 
Phenanthrene 

9 Phenol 
h, w Pronamide 

Pyrene 
Safrole 

I ;I:; I ,2-Tetnchloroelhme 
I ; I ,  I -Trichloroethme 
I ,  I ,2,2-Telrachloroclhme 
I ,  I ,2-Trichloroethme 
I ,  I -Dichlomlhme 
I ,  I -Dichloroelhene 
I ,2-Dibromo-3-chloropropane 
I ,2-Dibromoethane 
I ,2-Dichloroelhme 

13 Tributyl phosphate 

cb ,2.: 

015 

015 

414 
I I5 

515 

1 14 

014 
014 
014 

014 

014 

ND 

ND 

18000 15239.869 
330 603.90533 

25oooO 158249.43 

150 188.12295 
ND 
ND 
ND 
ND 

ND 

OP 
015 

Oi2 
01 1 

ot3 
OD 
Ot3 

013 
2P 
Ot3 

2P 
Ot3 
5P 
ot3 
414 
013 
8/11 
011 I 
011 1 

711 1 

611 I 
013 
Ot3 
711 1 

517 

1600 

28oooO 
230 

23oooO 

39000 

150 

23 
I20 

20 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

5,525 
ND 

155,708 
1,267 
ND 

13 1,554 
ND 

4 1,746 
m 
98.9 
ND 
ND 
10.4 
36.7 
ND 
ND 
12.1 

A v 

A *  
A 
A 
A 

Retained 
A 

Retained 
D 
A 

Retained 
A 

Retained 
A 
D 

A 
A 
D 
D 



TABLE E.11-2 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAX DET UCL(951) UNITS Reason forDeletion 
I ,2-Dichloroethylene 
I ,2-Dichlompropane 
I ,3-Dichlompropene 
I ,4-Dioxane 
2 - B u t ~ ~ n e  

g-2 -.2-Chloro- 1.3-butadiene .. I 

Q-J, .-1 
. - . .  . --.,-(a -_ -  ;a2-Hexanone 

-\r2-Chloroethyl vinyl ether 

3-Chloropmpene 
4-Methyl-2-pent anone 

M Acetone 
Acetonitrile 
Acrolein 
Acrylonirrilc 
Benzene 
Bromodichloromelhane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorwthane 
Chloroform 
Chloromethane 
Cis- I ,3-dichloropropene 

TR-r;uyOU I Rl!DF.l229u1.2p-2 1-93/1 I 

014 

014 

ND 
ND 

2/2 2700 2965.7 

OD 
014 

ND 
ND 

014 ND 
214 540 488.23438 

014 

014 

014 
014 
014 

014 
014 

014 
014 
014 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

O/lO 
011 1 

213 
Of7 
OD 

OD 
OD 
011 1 

2i7 
OD 
0/2 

OD 
111 1 
011 1 

O/l  I 
011 1 
011 I 
011 1 

0/11 
011 1 

711 1 
011 1 
0/11 

ND 
ND 

654 740 
ND 
ND 

ND 
ND 
ND 

71 38.3 
ND 
ND 
ND 

4 8.90 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

84 32.6 
ND 
ND 

A 

A 

A 

D 

B 
A 
A 
A 
A 

A 

B 
A 

A 

A 

Retained 
A 

A 

A 

B -.-.\ 

B 
A 

A 
B ! 
A 

A 
* a3 * 

appendix. 
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TABLE E.11-2 
(Continued) 

CIS DATA RIPS DATA 
PARAMETER FREQ MAX DET UCL (95%) UNlTS FREQ MAXDET UCL(9596) UNITS Reason forDeletion 

Di bromochloromethane 
Dibromomelhane 
Dichlorodifluoromethane 
Elhyl cyanide 
Elhyl methacrylate 
Ethylbenzene 
lodomelhane 
Isobutyl alcohol 
Methacry lonitrile 
Mclhyl nielhacrylale 
Melhylcne chloridc 
Pyridine 
Styrene 
Tetrachloroel hene 
Toluene 
Told xylenes 
Trans- I ,2-dichloroethene 
Trans- I ,3-dichloropropene 
Trans- I .4-dichloro-2-butene 
Trichloroet hene 
Trichloro fluoromethane 
Vinyl acelate 
Vinyl chloridc 
I ,2.3-Trichloropropane 

48 

200 

260 

670 

ND 

196.26397 

262.36830 

ND 
ND 
ND 

249.3 1628 
ND 

ND 

ND 
62 1.66597 

011 1 

OP 
OD 
OD 
OP 
2/11 
013 
On 
On 
OD 
1/9 
011 
011 1 

1/1 I 
0/11 
1/11 

0/11 

OP 
111 1 

OP 
011 I 
611 1 

013 

ND 
ND 
ND 
ND 
ND 

26 12.7 
ND 
ND 
ND 
ND 

66 32.9 
ND 
ND 

45 17.0 
ND 

15 11.7 

ND 
ND 

7 8.80 
ND 
ND 

1900 724 
ND 

A .  

A 

A 
A 
A 

D 
A 

A 

A 

A 

B 
A 

A 
Retained 

B 
D 
A 

A 

A 

D 
A 

A 
Retained 

A 



TABLE E.11-3 

PIT 3 MATERIAL ANALYTICAL RESULTS 

CIS DATA RI/FS DATA 
PARAMETER 
I ,2,3,4,6,7,8-Hep1achlorodibenzo-p 
1.2,3,4,6,7,8-Heptachlorodibenzofuran 
1,2,3,4,7,8,9-Heptach!orodibenzofuran 
1,2,3,4,7,8-HexachIorodibenzo-p-dioxin 

,-.1-,2.3,4,7,8-Hexachlorodibenzofuran 
~~-f3,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 
- .  

I ,2,3,6,7,8-Hexachlorodibenzofuran 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 
I ,2,3.7,8,9-Hexachlorodibenzofuran 
I ,2,3.7,8-Pentachlorodibenzo-p-dioxin 
I ,2,3,7,8-Pentachlor~benzofunn 

2,3,4,6,7,8-Hexachllorodibenzofurm 
2,3,4,7,8-Pentachlorodibenzofu1an 
2,3,7,8-TCDD 
2,3,7.8-TCDF 
Heptachlorodibenzo-p-dioxin 
Heptachlorodibenzofuran 
Hexachlorodibenzo-p-dioxin 

Hcxachlorodibenzofuran 
Octachlorodibenzo-p-dioxin 

Octaclllorodibcnzofuran 
Pentachlorodibenzo-p-dioxin 
Pentachlorodibenzofuran 
Tetrachlorodibenzo-p-dioxin 
Tetrachlorodibenzofuran 

FREQ MAX DET UCL(95%) UNITS FREQ MAXDET UcL(9596) UNlTS Reason forDeletion 
516 1.7 1.12 Retained 

ng/g Retained 316 0.2 1 0.164 
016 ND ng/g A 
016 ND nglg A 

016 ND ng/g A 

016 ND nglg A 

016 ND ng/g A 
016 ND nfA3 A 

016 ND ns/s A 
016 ND nglg A 

016 ND nglg A 
016 ND ndg A 

016 ND nglg A 
016 ND ndlg A 

516 3.2 2.10 

516 0.95 0.687 ng/g 

1 I6 0.048 0.256 ng/g Retained 

nslg Retained 
Retained 

116 0.26 0.180 ng/g Retained 
416 0.35 0.267 nglg Retained 

Retained 
516 1.1 0.745 ng/g Retained 
616 19.4 12.7 ng/g 

016 ND nglg A 
016 ND ns/s 
016 ND nf3h 

?,< ' 

I ndg I16 0.2 0.1 17 

L e p d  for this table ia prcsnkd on h e  first page of tl*h yyndix.  



TABLE E.11-3 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL(95%) UNITS FREQ MAXDET UCL(959b) UNITS ReasonforDeletion 

Ammonia 

Bromide 

Chloride 

Fluoride 

Nitrate 
Oil ahd grease 
Phosphate 

Phosphorus 
Sulfate 
Sulfide 

Total organic carbon 

F T O I ~ I  organic nitrogen 

pH 
4 

2,4,5-T 
2,4,5-TP (silvex) 
2.4-D 

q i n o s e b  
,#uminum 
Qlntimony 

Arsenic 

Barium 

Beryllium 

Boron 
Cadmium 
Calcium 

Chromium 

4 

TR-WRDUI RUDE1 229811.3~-22-93/11: 1'' 

717 64100 
2/7 18 
717 3050 
717 I4400 
717 24 

7 P  13 
7l7 178000 
7/7 152 

35881.856 mgkg 
10.002143 mg/kg 
1800.8481 mglkg 

8080.1353 mgkg 
14.431561 mgkg 

8.4618028 mglkg 
131484.64 niglkg 

109.67270 mgkg 

015 

014 
414 
215 
414 

414 

616 
414 
It2 
3P 
616 
616 
OB 
00 
OP 
014 
616 
416 
616 
616 

616 
416 
616 
6t6 

616 

014 

23700 

2350 
57400 

1510 

578 I7 
44345 

8.6 
230672 
89 14 
8.32 

17400 
63.5 

37200 
3570 
10.7 

236 
38.6 

190000 

234 

ND 
ND 

24,255 

1,993 
61,087 

1,370 
ND 

29,940 
38,184 
30.8 

264,557 
7,101 
8.14 
ND 
ND 
ND 
ND 

15,086 
52.5 

21,290 

2,537 
8.64 
155 

25.9 
162,003 

186 

A 

A 

C 

C 
C 

F 
CA 
CA 
CA 

C,A 
F 
F 
F 
A 

A 

A 

A 
H 

Retained 
Retained 

Retained 

Retained 
Retained 
Retained 

C 

Retained 

Legend for this b k i .  vtcd on the firat page of h i r  appendix. 

W 



TABLE E.11-3 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAX D m  UCL (95%) UNITS Reason forDeletion 

Cobalt 

Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Thallium 
Tin 
Vanadium 
Zinc 

Azinphosmethyl 
Demeton 
Diazinon 
Dimethoate 
Disulfoton 
Ethion 

Famphur 

717 

417 

016 

717 

5l7 
717 

ll7 
5l7 

7l7 
717 

5l7 

417 

717 

3/7 

717 

3 P  

21 

2330 

26900 

613 

51600 

10600 
4 

504 

3180 

90 

8.1 

7640 

12 

9700 

311 

17.539084 

1673.3387 

ND 
21795.323 

3 5 7.96629 

31988.605 

5 120.3470 

1.9978122 

265.76674 m a g  
2539.6484 mglkg 
49.475178 mgkg 

6.6210905 mgkg 
4772.2083 mgkg 

6.3954889 mgkg 

5202.7236 m a g  
168.46748 mg/kg 

616 

616 

416 

616 

616 

616 

616 

516 

616 

616 

616 

516 

414 

616 

616 

416 

115 

616 

616 

013 

Ol3  
Ol3 
013 
013 
Ol3 
Ol3 

50.7 

2010 

1.7 

25800 

837 

51100 

20200 

5.1 

284 

292 

3370 

6 

5Ooo 
41.8 

10100 

4.1 

19 1 

2200 

325 

36.0 

1,742 

1.61 

22,061 

670 

45,513 

16,705 

3.19 

241 

206 

2,548 

4.29 

4,701 

37.4 

9,083 

3.15 

134 

1,892 
21 1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

Retained 
Retained 
Retained 

C 
Retained 

C 
Retained 
Retained 
Retained 
Retained 

C 
Retained 

H 
Retained 

C 
Retained 
Retained 
Retained 
Retained 

A 
, A  

A 



TABLE E.11-3 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAXDET UCL(95%) UNITS Reason forDeletion 

Malathion 
Parathion, ethyl 
Parathion, methyl 
Phorate 
Sulfotepp 

Tetraeth y lp yrophosphale 
Thionazin 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Alpha-BHC 
Alpha-Chlordane 
Aroclor- 1016 
Aroclor- I22 1 

Aroclor- I232 
Aroclor- I242 
Aroclor- 1248 

Aroclor- 1254 

Aroclor- 1260 
Beta-BHC 

Chlordane 
Chlorobenzilate 
Delta-BHC 
Dieldrin 
Endosulfan I 

015 
015 

015 

015 

01s 

015 

015 

015 

015 

015 

I15 
015 

015 

015 

015 

015 

015 

ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 

140 331.31450 
ND 
ND 
ND 

ND 
ND 
ND 

OD 
OD 
OD 
013 
014 
OD 
OD 
016 
016 
016 
016 
016 
016 
016 
016 

016 
016 
416 

516 
016 
016 

013 
016 
016 
016 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

4800 2,125 
3400 2,075 

ND 
ND 

ND 
ND 
ND 
ND 

A 

A 
i 

A 4 
A 
A 

A 
A 

A 
A 
A 
A 

A 

A 

A 

A 

A 

A 

Retained 
Retained 

A 

A 
A 

A 

A 

A 
h 

- A  

Lepend for chin table u prernkd on Ihe fL.c PIC nf lhi* appendix. 

W 



TABLE E.11-3 
(Continued) 

CIS DATA RWS DATA 

PARAMETER FREQ W D E T  UCL(95%) UNITS FREQ MAXDET UCL(958) UNITS Reason forDeletion 
Endosulfan 11 

Endosulfan sulfate 

Endrin 
Endrin ketone 

Gamma-BHC (Lindane) 

Gamma-CNordane 

Heptachlor‘ 
Heptachlor Epoxide 
lsodrin 

Kepone 
Methoxychlor 
Toxaphene 

I ,2,4,5-Tevachlorobenzene 

I ,2,4-Trichlorobenzene 
I ,2-Dichlorobenzene 

I ,3,5-TMitrobenzene 

I ,3-Dichlorobenzene 
I ,3-DiNtrobenzene 
1,4-Dichlombenzene 
I ,4-Naphthoquinone 
I -Naphthylamine 

2,3,46-Teaachlorophenol 
2,4,5-TrichlorophenoI 

2,4,6-TrichlorophenoI 
2,4-Dichlorophenol 
2,4-Dinierhylphcnol 

TR-FP..R/CII I I  R~El229EU.3 /9 -22-93 /S :19 .m 

015 

015 
015 

015 

015 

015 

015 

015 

015 

On 
0/7 

OTr 

0/7 

016 

016 
016 

0/7 

ND 
ND 

ND 

ND 
ND 

ND 
ND 

ND 
ND 

ND 
ND 

ND 

ND 

ND 
ND 
ND 
ND 

016 

016 
016 

016 

016 
016 

016 

016 
OD 
OD 
016 
016 

011 
014 

014 
011 

014 
011 
014 
011 

011 
01 1 

014 

014 
014 

014 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
m 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
A 

A 

A 

A 

A 

A 



TABLE E.11-3 
(Continued) 

PARAMETER 

CIS DATA RIPS DATA 

FREQ MAXDET UCL(95%) W S  FREQ MAXDET UCL(95%) UNITS ReasonforDeletion 
2,4-DinitrophenoI 
2,4-Dinitrotoluene 
2,6-DicNorophenol 
2,6-Dinitrotoluene 
2-Acetyl aminofl uorene 
2-Chloronaphrhalene 
2-Chlorophenol 
2-Methylnaphthalene 

2-Methylphenol 
2-Naphthylamine 
2-Nitroaniline 
2-Nitrophenol 
2-Picoline 
3,3'-Dichlorobenzidine 
3,3 '-Dimethylbenzidine 
3,3-Dichlorobenzidine 
3-Methylcholanthrene 
3-Methylphenol 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-hinobiphenyl 

4-Bromophenyl phenyl ether 
4-Chloro-3-methyl phenol 

4-Chloroaniline 
4-Chlorophenylphenyl ether 
4-Methylphenol 

014 
on 

on 

OD 
016 
On 
016 

on 
016 

on 

on 
I I6 

on 
016 
O f l  
O f l  
016 

ND 
ND 

ND 

ND 
ND 
ND 
ND 

ND 
ND 

ND 

ND 
2600 2376.5360 

ND 
ND 
ND 
ND 
ND 

014 

01 I 
014 

011 

014 

014 

014 

014 
014 
01 1 

014 
014 

011 

011 

011 

011 

014 
014 

011 

014 
014 
014 
014 
014 

on 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

A 

A 
A 
A 
A 
A 
A 
A 

A 
A 

A 
A 
A 
A 

A 
A 
A 
A 

A 
D 
A 
A 
A 
A 

A 
A 



TABLE E.11-3 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAXDET UCL(95%) UNITS Reason forDeletion 

4- Nitroaniline 
4-Nitrophenol 
4-Nitroquinoline- I -oxide 
5-Nitro-o-toluidine 
7, 12-Dirnethylbenz(a)an1hracene 

a.a-Dimethylphenethylamine 
Acenapht hene 
Acenaphlhylene 
Acetophenone 
Aniline 
Anthracene 
Aramite 
Benzo( a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Be nzo( k) tl u oranthem 
Benzoic acid 
Benzyl alcohol 
Bis(2-chloroelhoxy)methane 
Bis(2-ctdoroethyl)e1her 
Bis(2-chloroisopropyl)ether 
B is( 2ethylhexyl)phthalate 
Butyl benzyl phthalate 
Chrysene 
Di-n-butyl phthalate 

TR-FER/OUl iu/DF.l2?9En.3P-22-9?p: 1 h  

0/7 
014 

015 

0/7 

on 

In 
OD 
1/7 
on 
OD 

0/7 

0/7 

or] 

0/7 

6/7 
0/7 

I / 7  
3/7 

ND 
ND 

ND 
ND 

ND 

60 393.88663 
ND 

110 391.46979 
ND 
ND 

ND 
ND 
ND 
ND 

I100 643.49152 
ND 

75 393.05555 
84 352.58917 

96 

130 

360 
280 
560 
160 

370 

840 

370 
3 10 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
57 1 
ND 
ND 
472 
ND 
47 1 

467 
510 
470 

ND 
2,774 
ND 
ND 
ND 
ND 
58 1 
ND 
472 

417 

A 

A 

A 

A 

A 

A 

A 
D 
A 
A 

D 
A 

Retained 
Retained 

Retained 
Retained 

A 

B 
A 

A 

A 

A 

B 
B 

Retained 
B 



TABLE E.11-3 
(Continued) 

OD 

OP 
OP 
OP 
017 

1/7 

017 
OP 
OP 
OP 
OP 

0/7 

017 

016 

OP 

~~~ 

RIPS DATA CIS DATA 

PARAMETER FREQ MAXDET UCL(95%) UNITS FREQ MAXDET UCL(95Z) UNITS R e a s o n f o r D e l e t i o d  
B Di -n-octyl phthal ate 

Dial I ate 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Diphenylamine 

Ethyl methanesulfonate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 

m Hexachlorobutadiene 
w HexachlorocyclopentadienE F 
w 

Hexachloroethane 
Hexachlorophene 

:3 
4 Hexachloropropene 
:a Indeno( I ,2,3-cd)pyrene + 

lsophorone 
lsosafrole 

Melhapyri le ne 
Methyl methmesulfonale 
N-nitroso-di-n-propy lamhe 
N-nitrosodi-n-butylamine 
N-nitrosodiethy lamine 

N-nitrosodimethy lamine 
N-nitrosodipheny lam h e  

TR-FER/OUl RI/IW.l22QEU.3P-22-93P: I9.m 

ND 

ND 
ND 
ND 
ND 

230 391.29007 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

ND 

017 
011 

017 
014 

214 

014 

011 

0/1 
217 
014 

014 

014 

014 

014 
011 

011 
1P 
315 
01 1 

01 1 

011 
214 

011 

011 
011 

014 

ND 
ND 
ND 
ND 

4300 3,658 
ND 
ND 
ND 

720 563 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

130 472 

470 460 

ND 
ND 
ND 

460 507 

ND 
ND 
ND 
ND 

A 

A 
A 
B 
A 
A 

A 
D 

A 
A 
A 

A 

A 
A 
A 

Retained 
D 
A 

A 

A 
D 
A 

A 



TABLE E.11-3 
(Continued) 

CIS DATA RUFS DATA 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAXDET UCL(95%) UNlTS Reason forDeletion 

N-nitrosomethylethylmine 
N-nitrosomotpholine 

N-nitrosopipendine 
N -nitrosop y mol idi ne 

Naphthalene 

Nitrobenzene 
o,o,o-Triethylphosphorothioate 
o-Toluidine 

p-D?methylaminomobenxne 
p-Phenylenediaminc 

Peniichlorobenzene 
Pentachloroethane 
Pentachloronitrobenzene 
Pentachlorophenol 

Phenacetin 
Phenanthrene 

Phenol 
Pronamide 

.i' 

Pyrene 
Safrole 

Tributyl phosphate 
I ,  I ,  1,2-Tetrachloroethane 
I ,  I ,  I -Trichloroethane 

1, I ,2,2-Tetrachloroethane 
I ,  I ,2-Tnchloro- 1,2,2-trifluoe 

I I I ,2-Trichloroeth.ule 

OD 
OD 

216 I300 1467.6516 ug/kg 

1D 120 391.1 1879 uglkg 

016 ND uglkg 

1/7 190 390.24669 ug/kg 

016 

016 

01 1 

016 

011 

011 
011 
011 

014 

014 

011 

011 

01 1 

01 1 

011 

011 
515 

011 

2l7 

011 

011 

011 
OD 
2/10 
0110 

0110 

014 

014 

217 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1000 783 
ND 

580 523 
ND 
ND 

620 532 
ND 
ND 
ND 

170 51.8 
ND 

ND 

A 

A 
A 

A 

A 
A 

A 
A 
A 
A 
A 
A 
A 

Retained 
A 
D 

A 
A 
D 
A 
A 

A 

D b  * 
s A 

A 

1 - 1  

t C g d  for this table ir prv ' 
' ., the first pngc of this ippendix. 



TABLE E.11-3 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAXDET UCL(95%) UNITS FREQ W D E T  UCL(95%) UNITS Reason forDeletion 

1, I -Dichloroethane 016 
I_ 

1, I -Dichloroelhene 016 
. , . 1,2-Dibromo-3-chloropropane 

I ,2-Dichloroerhylene 
I ,2-Dichloropropane 
1,3-Dichloropropene 
2-Butanonc 
2-Chloro- 1,3-butadiene 
2-Chloroethyl vinyl ether 
2-Hexanone 
3-Chloropropenc 
4-Methyl-Zpentanone 
Acetone 
Acetonitrile 
Acrolein 
Acrylonitrile 
Benzene 
Bromodichloromelhane 

Bromoform 
Bromomethane 
Carbon disulfide 

Carbon ternchloride 
Chlorobenzene 
Chloroethane 

016 

016 

016 
1/1 3600 

01 I 

016 

016 
016 

016 
016 
016 
016 
016 
016 
016 
016 

ND 
ND 

ND 

ND 

ND 

ND 
ND 

ND 
ND 

ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 

0/10 

0110 

OD 
OD 
0/10 

0110 
0/10 

316 

OD 

4/10 

OD 
4/10 

316 
011 
011 

011 
0110 

0110 

0110 

0110 
0110 
0110 

0110 
0/10 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

86 61.8 
ND 

17 13.2 
ND 

17 12.8 
1200 88 1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

A 
A 
A 
B 
A 
A 

D 
A 
D 
B 

A. 
A 

A 

A 

A 

A 

A 

A 
A 

A 

A 

Legend for thia table b pmscntcd on thz first pngc or I!;:* nppcndix. 

a 



TABLE EM-3 
(Continued) 

PARAMETER 

CIS DATA R I m  DATA 

FREQ MAX DET UCL (95%) UNITS FREQ MAX DET UCL(95%) UNITS Reason forDeletion 

Chloroform 
Chloromethane 
Cis- I ,3-dichloropropene 

Di bromochloromet hnne 
Di bromomethane 

Ethyl cyanide 

Ethyl methacrylate 

Ethylbenzene 

lodomethane 

Mehacry loniaile 
Methyl methacrylate 

Methylene chloride 
Styrene 
Tetrachloroethane 
Tetrachloroethene 

Toluene 
Total Xylenes 

Trans- I ,2-dichloroethene 
Trans- I ,3-dichloropropene 

Trans- I ,4-dichloro-2-butene 

Trichloroethene 

Trichlorolluoromethane 
Vinyl Acetate 

Vinyl Chloridc 

I ,2.3-Trichloropropane 

016 

016 

016 

ND 
ND 

ND 

016 

111 

016 
01 1 

015 

016 

016 

016 

016 

016 
016 

ND 

420 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 

?lo 

0110 

0110 

0110 

Of2  

011 

OD 
0110 

012 
012 
Of2 
2/10 

0/10 

5/10 

1/10 

0110 

0110 

OD 
1/10 

ID 
0/10 

0110 

OD 

110 45.0 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

92 47.5 

. N D  

22 10.7 

8 6.82 

ND 

ND 
ND 

6 6.14 

4.12 5.62 
ND 
ND 
ND 

B 

A 
A 

A 

A 
A 

A 

A 

A 

A 

A 

B 
A 

A 
D 

B 

A 

A 
A 

A 
D 
D 

A 
A 

A 

Legend for thii table in pescntcd on the Fird page of f b i *  n 

w 



TABLE E.11-4 

PIT 4 MATERIAL ANALYTICAL RESULTS 

CIS DATA RIPS DATA 

PARAMETER FREQ MAX DET UCL (95%) UNITS FREQ MAX DET UCL(95%) UNITS Reason forDeletion 
Retained I ,2,3,4,7,8,9-Heptaclilorodibenzoluran 

I ,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 
I ,2,3,4,7,8-Hexachlorodibenzofuran 
I ,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 
I ,2,3,6,7,1(-Hexachlorodibenzofuran 
I ,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 

I ,2,3,7,8,9-Hexachlorodibenzofuran 
I ,2,3,7,8-Pentachlordbenzo-p-dioxin 
I ,2,3,7,8-Pentachlorodibenzofum 
2,3,4,6,7,8-Hexachlorodibenzofuran 
2,3.4,7,8-Penlachlorodibenzofum 
2,3,7,8-TCDD 
2,3,7,8-TCDF 
Heptachlorodibenzo-p-dioxin 
Hcptachlorodibenzofuran 

3 Hexachlorodibcnzo-p-dioxin 
4 Hexachlorodibenzofuran -a 
-j- Octachlorodibenzo-p-dioxin 

Octachlorodibenzofuran 
Pentachlorodibenzo-p-dioxin 
Pentachlorodibenzofuran 
Tet rachlorodibenzo-p-dioxin 
Tetrachlorodibenzofuran 
Ammonia 

Bromide 

-4 

316 
1 I6 
516 
216 
516 
216 
316 
016 
516 
416 
516 
016 
516 
516 
516 
416 
516 
516 
416 
016 
516 
216 
616 
213 
0 1 2  

2.4 
0.06 
2.9 
0.16 
1.1 
0.22 
0.75 

2.1 
1.2 
2.7 

9.9 
4 
4.4 
2.7 
8.5 

9 
4.9 

15.3 
0.47 
34.1 
235 

1.59 
0.689 
1.80 

0.564 

0.830 
0.476 

I .04 

ND 
1.39 

0.8 14 
1.74 
ND 
6.97 
3.16 
3.18 
1.85 
5.39 
6.52 
3.66 
ND 
9.42 
0.3 16 
24.1 
307 
ND 

Retained 

Retained 
Retained 
Retained 
Retained 
Retained 

A 

Retained 
Retained 
Retained 

A 

Retained 
Retained 
Retained 
Retained 
Retained 
Retained 
Retained 

A 

Retained 
Retained 
Retained 
G 
C 

1 * p e d  for this tabk ir pnscnkd on the firrt page r! '!.is npyndix. 



TABLE E.11-4 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ W D E T  UCL(95%) UNITS FREQ W D E T  UCL(95%) UNITS Reason forDeletioa 

Chloride 

Fluoride 
Nitrate 

Oil and grease 

Phosphate 

Phosphorus 

-:,sui rate 
-,'. 
.,Sulfide 

: Told org,mic carbon 
.r 

Tola1 organic nitrogen 

PH 
m 2.4.5-T 

1 .  e 2,4,5-TP (SILVEX) 
00 

2,4-D 

Di nose b 

Aluminum 

Antimony 
Arsenic 

c1 Barium u a Beryllium 

Dl Boron 

Cadmium 
Cnlciuni 

Chromium 

Cobalt 

Copper 

10300 
0.5 

4.6 
6670 

13 

29 
6 1200 

94 
84 
188 

9845.4502 
0.3753830 
2.9888179 
4583.9777 
8.3535805 

18.628380 
59585.889 
63.687923 
54.487832 
129.67 130 

53 

3793 

17902 

146 

29. I 
53646 

833.2 
7.27 

10700 
317 

6.5 

3720 
50.6 

LO10 
34.8 

32700 
1500 

183 
482 

193 

13,870 
ND 

15,108 
ND 
133 
ND 
I06 

179,994 
759 
7.56 
ND 
ND 
ND 
ND 

9,514 
222 
5.16 
3,126 
36.7 
65 8 
24.5 

25,289 

1,049 
129 
352 

C 
C 
C 
F 
C 

C 
C 
C 
F 
F 
F 

A 
A 
A 
A 
H 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained r ' 

C 

Retained 

Retained 

Retained 

tb as 



TABLE E.11-4 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAX DET UCL(958) UNITS Reason forDeletion 

Cyanide 
Iron 
Lead 
Magnesium 

Manganese 
Mercury 
Molybdenum 
Nickel 
Osmium 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Thallium 
Tin 
Vanadiuni 
Zinc 
Azinphosnicthy l 

Demeton 
Diazinon 
Dimethoate 
Disulfoton 

Ethion 
Famphur 
Malathion 

TR-FWOUI RUDF.I229EU.419-2 1-93/1 I : S a m  

0.7 
16100 

63 
24300 
3600 
0.6 

50 

102 
1920 

444 
I240 

87 
235 
84 

0.55056 
131 12.941 
55.333283 
23484.693 
3339.3 130 
0.4871355 

38.153059 
93.797000 
1685.4705 
ND 

279.392 15 

917.34691 
ND 

82.8 15704 
153.26397 
63.3971 13 

2 1 5  
5 1 5  

5 1 5  
5 1 5  

5 1 5  
3 1 5  
5 1 5  

5 1 5  

5 1 5  

1 I 5  
5 1 5  

5 1 5  
5 1 5  

0 1 5  

4 1 5  
5 1 5  

5 1 5  

0 1 3  
0 1 3  
0 1 3  
0 1 3  
0 1 3  
0 1 3  
0 1 3  
0 1 3  

0.24 
7420 
63.2 

34000 
5620 
0.62 
95.6 
223 

4210 
0.37 
4080 
755 
2280 

I33 
558 
200 

0.304 
6,016 
53.6 

26,141 
4,747 
0.454 
69.8 
167 

3,957 
0.316 
4,242 
53 1 

1,863 
ND 
114 
394 
143 
ND 
ND 
ND 
ND 
ND 
m 
ND 
ND 

Retained 
c 

Retained 
C 

Retained 
Retained 
Retained 
Retained 

I 
C 

Retained 
H 

Retained 
C 
A 

Retained 
Retained 
Retained 

A 
A 
A 

A 

t@ 



TABLE E.11-4 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAX DET UCL(95%) UNITS Reason forDeletion 

Panthion. ethyl 
Parathion, methyl 

Phorate 
Sulfotepp 
Tet raethy lpyrophosphate 
Thionazin 
4,4'-DDD 
4.4'-DDE 
4,4'-DDT 
AldM 

alpha-BHC 
alpha-Chlordane 
Aroclor- 1016 
Aroclor- I22 I 
Aroclor- I232 
Aroclor- I242 
Aroclor- I248 
Aroclor- I254 
Aroclor- I260 
Beta-BHC 
Chlordane 
Chlorobenzil ate 
delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan I1 

014 
0 1 4  
0 1 4  
0 1 4  

0 1 4  

0 1 4  
0 1 4  
0 1 4  
2 1 4  
214 
4 1 4  
0 1 4  

014 
0 1 4  

0 1 4  
0 1 4  
0 1 4  
0 1 4  

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

1034 904.27604 
854 808.18758 
1008 942.145 15 

ND 
ND 
ND 

ND 
ND 
ND 
ND 

013 
0 1 3  
0 1 3  

0 1 5  
0 1 3  
0 1 3  
0 1 4  

0 1 4  

0 1 4  
014 

0 1 6  

0 1 6  
0 1 6  

0 1 6  
0 1 6  
0 1 6  
4 1 6  
3 1 6  
0 1 6  

0 1 4  

0 1 3  

0 1 4  

0 1 4  

0 1 4  

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

7500 5,922 
6800 4,190 

ND 
ND 

ND 
ND 
ND 

ND 

A 

A 
A 
A 

A 

A 
A 

A 
A 

A 
A 

A 
A 
A 
A 

Retained 
Retained 
Retained 

., A 
A 
A 
A 
A 

A &  
A *  
A 

Legend for thin tahlr i. rrrsntcd on h e  first page of this appendix. 
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TABLE EM-4 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAX D S  UCL(9596) UNITS FREQ MAXDET UCL(959b) UNITS Reason forDeletion 

Endosulfan sulfate 
Endrin 
Endrin ketone 
gamma-BHC (Lindane) 
2-Methylgamma-Chlordane 
Heptachlor 
Heptachlor epoxide 
lsodrin 

Kepone 
Methoxychlor 
Toxaphene 
I ,2,4,5 -Tetrachl orobenzene 
1,2,4-Trichlorobenzene 
I ,2-Dichlorobenzene 
1,,3-Dichlorobenzene 
I ,3-Dinitrobenzene 
I ,.Q-Dichlorobenzene 
I ,4-Naphthoquinone 
I -Naphthylamine 
2,3,4,6-Te~rachlorophenol 
2.4.5-Trichlorophenol 
2,4,6-TrichlorophenoI 
2,4- Dichl orophenol 
2,4-Dimethylphenol 
2P-Dinitrophenol 
2,4-Dinitrotoluene 

0 1 4  
0 1 4  
0 1 4  
014 

0 1 4  
0 1 4  

0 1 4  
0 1 4  

0 1 4  
0 1 4  
0 1 4  

0 1 4  

0 1 4  
0 1 4  
0 1 4  

1 1 4  
0 1 4  

0 1 4  

ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 

ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 

2300 2 1 12.45 15 

ND 

0 1 4  
0 1 4  

0 1 4  

0 1 4  
0 1 4  

0 1 6  

0 1 6  

0 1 3  
0 1 3  
0 1 6  

0 1 6  

0 1 3  
019  
0 1 9  
019  
0 1 3  
0 1 9  
0 1 2  
0 1 3  

0 1 3  
0 1 9  
0 1 9  
1 1 9  
019  
1 1 9  
0 /,9 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

230 559 
ND 

47 2,720 
ND 

A 

A 
A 

A 

A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 

A 
A 
A 

D 
A 

ID 
A 

a 



TABLE E.11-4 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAXDET UCL(95%) UNITS Reason forDeletion 

2,6-Dichlorophenol 
2,6- Dini t roto1 ue ne 
2-Acetylaminofluorene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 

2-Naphthylamine 
2:Nitroaniline 

.. 2-Nitrophenol 

, 

-. 

2-Pic01 ine 
3,3’-Dichlorobenzidine 
3,3’-Dirnerhylbenzidine 
3-Met hy lphenol 
3 - Ni lroanili ne 
4,6-Dinirro-2-methylphenol 
4-hinobiphenyl 
4-Bromophenyl phenyl ether 
4-Chloro-3-methyl phenol 

4-Chloroaniline 
4-Chlorophenylphenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
4-Nitroquinoline- I-oxide 
5 - N i tro-0-1 olu idine 

0 1 4  

0 1 4  

I 1 4  
0 1 4  

0 1 4  

0 1 4  

0 1 4  

0 1 4  

0 1 4  
0 1 4  

0 1 4  
0 1 4  
0 1 4  

0 1 4  
0 1 4  
0 1 4  
114  

ND 

ND 
ND 

730 648.58792 

ND 

ND 
ND 

ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

2300 21 12.4515 

m 
ND 
ND 
ND 
ND 

480 386 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

77 560 
ND 
ND 
ND 

A 

A 

A 

A 
A 

D 

A 

A 

A 

A 

A 

A 
A 

A 

A 

A 

A 

A 

D 

A 

A 

A 

1 
a 



TABLE E.11-4 
(Continued) 

CIS DATA RIPS DATA 

PARAME'TER FREQ MAX DET UCL (95%) UNlTS FREQ MAX DET UCL (95%) UNITS Reason forDeletioo @ 
.I 

Acenaphthene 

Acenaphthylene 
Acetophenone 
Aniline 

Anthracene 
Benzo( a)anthracene 
Bcnzo( a)pyrene 
Benzo( b)fluoranhene 
Benzo(g,h,i)perylcne 
Benzo( k)fluoranthene 
Benzoic acid 
Benzyl alcohol 
B is( 2-chloroethoxy)methae 
Bis( 2-chloroethy1)ether 
Bis( 2-chloroisopropyl)elher 
Bis(2ethylhexyl)phthdate 

Butyl benzyl phthalate 
Chrysene 
Di-n-butylphthalate 
Di-n-octyl phthalate 

Dibenzo(a,h)mthracene 
Dibenzofuran 
Diethyl phthalate 
Dimehyl phthalale 
Diphenylamine 
Ethyl methanesulfonate 

TR-FUVOU I lU/DF.l229ED.4/9-2 1 -93/1 I : Y u ~  

2 1 4  

1 1 4  

3 1 4  
4 1 4  
3 1 4  
3 I 4  

2 1 4  
3 1 4  

0 1 4  
0 1 4  
0 1 4  
1 1 4  
3 1 4  
0 1 4  
4 1 4  
3 1 4  
2 1 4  

1 1 4  
3 1 4  
0 1 4  
0 1 4  

I200 

170 

2500 
4100 
4500 
3800 
170 

3700 

420 
270 

4500 

490 

190 

65 
I400 

I04 I .0898 
238.44142 

2 158.0684 
3526.752 1 

3836.5955 
3244.2352 
242.15767 
3 168.6509 

ND 
ND 
ND 

389.23637 
276.49049 
ND 

3862.2771 
450.43909 
230.37709 

272.93337 
1202.6207 

ND 

ND 

2 1 9  
0 1 9  
0 1 3  

0 1 3  
2 1 9  
2 1 9  
2 1 9  
2 1 9  
1 1 9  
0 1 9  
6 1 9  
0 1 9  
0 1 9  
0 1 9  
0 1 9  
6 1 9  
0 1 9  
2 1 9  
2 1 9  
6 1 9  
0 1 9  
2 1 9  
119  
0 1 9  
0 1 3  
0 1 3  

1900 

2700 
4700 
2900 

5200 
990 

580 

270 

3300 
150 

1000 

1200 

89 

904 
ND 
ND 
ND 

1,177 
1,999 
1,305 
2,360 
69 1 

ND 
1,217 
ND 
ND 
ND 
ND 
1264 
ND 

1,579 
550 

696 
ND 
638 
55 1 

ND 
ND 
ND 

Retained -4 
D 
A 

A 
Retained 
Retained 
Retained 
Retained 
Retained 
Retained 

n 
A 
A 

A 
D 
B 
A 

Retained 
B 
IB 
D 

Retained 
B 
B 
A 

A 

Leg& for chis tab* ia pmkd on thc finr pa% of thin appendix. 
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TABLE E.11-4 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAX DET UCL(95%) UNITS FREQ MAXDET UCL(95k) UNITS Reason forDeletion 

Fluormthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 

"-T Hexachloroethane 

Indene( I ,2,3-cd)pyrene 3 1 4  

lsophorone 0 1 4  
lsosafrole 
Methyl methanesulfonate 

N-nitroso-di-n-propylamine 0 1 4  
N-nitrosodi-n-butylamine 
N-nitrosodiethy la mine 
N-nitrosodimethy lamine 

N-nitrosodiphcny l am ine 0 1 4  

N-nitrosomethy lethylamine 
N-nitrosomorpholine 
N-nitrosopipendine 
N-niaosopyrrolidine 

Naphthalene 3 1 4  

0,o.o-Triethylphosphorothioate 
0-Toluidine 
p-Phenylenediamine 
Pentachlorobenzene 
Pentachloroethane 

Nitrobenzene 0 1 4  

9900 8572.6361 
2200 1884.1361 

ND 
ND 
ND 
ND 

180 224.02009 
ND 

ND 

ND 

1100 949.797 12 
ND 

11000 4.21 1 

2000 95 I 
ND 
ND 
NII 
ND 

990 69 1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

740 450 
ND 
ND 
ND 
ND 
ND 
ND 

Retained 
Retained 

A 

A 

A 

A 

Retained 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Retained .)..-. , 

A 

A 

A 

A 

A 

A 

tN 
Lcgcnd for thia tabk i s  prkntcd on chc fist page of thia appendix. 
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TABLE E.11-4 
(Continued) 

CIS DATA Rups DATA I '  

t 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNlTS ReasonforDeletion 

Pentachloronitrobenzene 
Pentachlorophenol 
Phenacetin 
Phenanthrene 
Phenol 
Pronamide 
Pyrene 
Safrole 
Tributyl phosphate 
I , I ,  I ,2-Tetrachloroethane 
I ,  I ,  I -Trichloroethane 
I ,  1.2.2-Tetrachloroethane 
I ,  I ,2-Trichloroethane 
I ,I-Dichloroethane 
I ,  I -Dichloroethene 
I ,2-Dibromo-3-chloropmpane 
1,2-Dibromoethane 
1 :2-Dichloroethane 
I ,2-Dichloroehene 
I ,2-Dichloropropane 
I ,2-Dichloropropene 
I ,3-Dichloropropene 
I ,4-Dioxane 
2-Butanone 
2-Chloro- I .3-butadiene 
2-Chloroethyl vinyl ether 

TR-FERPUI RWW.I229EIl.4@-21-93/1 I :Wun 

0 1 4  ND 

3 1 4  9400 8127.2837 
0 1 4  ND 

4 1 4  6600 5705.84 15 

I 1 4  120 167.52825 
0 1 4  ND 
0 1 4  ND 
0 1 4  ND 
0 1 4  ND 

0 1 4  

0 1 3  
0 1 1  
0 1 4  

1 1 1  100 

ND 

ND 
ND 
ND 

ND 

0 1 3  
0 1 9  
0 1 3  
2 1 9  
0 1 9  
0 1 3  
2 1 9  
0 1 3  

2 1 2  
0 1 3  
6 1  I 1  
0 1  11 
0 1  11 
6 1  11 
3 / 1 1  
0 1 2  
0 1 2  
2 1  11 
3 / 1 1  
0 1  11 

0 1 2  
4 1 9  
0 1 2  

12000 

9000 

72000 

140 

330 
11 

6 
110 

59 

ND 
ND 
ND 

4.75 1 
ND 
ND 

3,475 
ND 

135,768 
ND 

48.3 
m 
ND 

91.7 
4.87 
ND 
ND 

3.82 
34.8 
ND 

ND 
25.9 
ND 

A 
A 
A 

Retained 
A 
A 

Retained 
A 

Retained 
A 

D 
A 
A 
D 
D 
A 

A 
D 
D 
A 

A 

A 
A 

B 
A 
A 

Le@ for chb tmbk b panted on the finc page of thb ippcndix. 

A 



TABLE E.11-4 
(Continued) 

PARAMETER 

CIS DATA RIPS DATA 

FREQ MAX DET UCL (95%) UNITS FREQ MAXDET UCL(95k) UNITS Reason forDeletion 

2-Hexanone 
3-Chloropropene 
4-Methyl-2-pentanone 
Acetone 
Acetonitrile 
Acrolein 
Acrylonitrile 
Benzene 
Bromodichloromethane 
Bromo form 
Bromomethane 
CaJbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Cis- I ,3-dichloropropene 
Di brornochlorornet h e  
Dibrornornethane 
Dichlorodifluoromethane 
Ethyl cyanide 
Ethyl methacrylate 
Ethylbenzene 
lodomethane 
Isobutyl alcohol 

ND 

ND 
350 364.14015 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I300 I 150.9269 

ND 

ND 

ND 

uglkg -41 ii 
1 1 2  

uglkg 5 / 1 1  

uglkg 1 1 6  

0 1 2  
0 1 2  

0 1 2  

uglkg 1 / 1 1  
ugkg 0111 

uglkg 0 / 1 1  

uglkg 0111 

uglkg 1 / 1 1  

uglkg 1 / 1 1  

uglkg 0111 

uglkg 1 / 1 1  
ug/kg 6 / 1 1  

ug/kg O / I l  
0 1  11 

uglkg 0111 

0 1 3  
0 1 1  

0 1 2  

0 1 3  

uglkg 3 / 1 1  

0 1 3  

1 1 2  

29 12.8 

3 14.0 

83 26.3 

17 25.6 

ND 
ND 
ND 

14 5.83 
ND 
ND 
ND 

3 3.27 

2 3.20 
ND 

35 13.4 
630 238 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

28 9.85 
ND 

17 394 

D 
D 
D 
B 
A 

A 
A 
D 
A 
A 
A 

B 
B 
A 
D 
B 
A ,-. 

A 
A . '  
A 
A 
A 
A 
D 
A 
D 

Le+ for thb hbk ia prntcd on the Fvst p q e  of this mppcndii 



TABLE E.11-4 
(Continued) 

~ 

CIS DATA RI/FS DATA 

1 
PARAMETER FREQ MAX DET UCL(95Z) UNITS FREQ MAXDET UCL(95%) UNITS Reason forDeletion 

Methacry lonitrile 0 1 2  ND ug/kg A 

F 
tl 
b 
4 

Methyl methacrylate 
Methylene chloride 
Styrene 
Tetrachloroethene 
Toluene 
Told xylenes 
Trans- I ,Zdichloroelhene 
Trans- 1,3-dichloropropene 
Trans- I ,4-dichloro-2-butene 
Trichloroethene 
Trichlorofluoromerhae 
Vinyl acetate 

Vinyl chloride 
I .2,3-Trichloropropane 

0 1 3  ND A 
3 1 4  2200 1943.0698 ugkg 3 111 230 89.6 ug/kg B 
014 ND ug/kg 1 / 1 1  3 3.24 ugtkg D 

2 1 4  67 166.38029 uglkg 4 1  11 33 
214  3oooo 25194.533 ugkg 6 1  10 240 82.5 ugkg Retained 

014  ND ugkg 5 / 1 1  230 
1 1 4  60 186.01260 ug/kg 

o /  11 

0 1 3  

1 1 2  2 
1 1 4  300 276:98677 ugkg 7 111 210 

0 1 4  ND ugkg 0111 

0 1 3  

0 1 4  ND ug/kg 2 / 1 1  14 

13.2 
68.3 

ND 
ND 
115 
20.3 
ND 
8.90 
ND 

B 
D 

> A  
2 f A  

D 
D 
A. 
D 
A 

TR-FER/OUI RUDF.I229E0.4P-2 1-93/11 :Yam 
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L c g d  for this tnbk is pmtd on the fL.i page of chi# appendix. 



TABLE E.11-5 

PIT 5 MATERIAL ANALYTICAL RESULTS 

PARAMETER 

CIS DATA Ryps DATA 

FREQ MAXDm UCL(9596) UNITS FREQ MAXDET UCL(95%) UNITS ReasonforDeletioo 

Ammonia, as nitrogen 
Bromide 
Chloride 
Cyanide 
Nitratelnitrite 
Speci.fiEk’gnvity 
Sulfate 
Total Kjeldahl nitrogen 
Total organic carbon 
Total organic nitrogen 
Total phosphorus 

PH 
AI um i num 
Antimony 
h e  ni c 
Barium 
Beryllium 
Cadmium 
Calcium 
Chrom i um 

Cobalt 

Copper 
Cyanide 
Iron 

Lead 

515 
415 
415 
515 
5 I5 
415 
515 

515 
415 
415 
ID 
515 
415 

12500 

64 
2800 
36900 

18 
17 

206000 
141 
44 

I8200 
0.5 

I7900 
I68 

11452.737 
5 1.655153 
2146.7776 
30230.219 
14.839082 
I 1.626793 
224921.12 
115.74442 
35.452060 
1 18 IO. I38 
0.9575994 
I77 16.7 I6 
173.65664 

919 
OD 
6l9 

OD 
919 
2/2 
3t3 
919 
919 
919 
919 
919 
919 
919 
719 
919 
919 
919 
919 
919 
9l9 
919 

919 
919 

2410 

1380 

53800 
1.377 
6790 
1940 

35000 
626 
1097 
10 

1 I900 
88.1 
715 

18100 
22.4 
4.7 

25oooO 

98 
17.1 
6450 

20700 
I34 

1,407 
ND 
846 
ND 

32,850 
1.77 

7,751 
1,461 

26,684 
430 
87 1 

9.26 
10,023 
47.5 
542 

13,179 
14.2 
3.32 

210,795 
78.9 
12.1 

4,105 

14,762 
105 

G 

A 
C 
A 

C 
F 
C 
F 
F 
F 
C 
F 
H 

Retained 
Retained 
Retained 
Retained 
Retained 

C 
Retained 
Retained 

Retained 
Retained 
C 

Retained & 

c36 
Le& for chlr tmbk t p”nttd on the firrt page of thii ippe 



TABLE E.11-5 
(Continued) 

CIS DATA RWS DATA 
PARAMETER FREQ MAX DET UCL(95%) WNITS FREQ MAXDET UcL(95%) UNITS Reason forDeletion 

Magnesium 
Manganese 

Mercury 
Molybdenum 
Nickel 
Osmium 
Potassium 
Selenium 
Silver 
SOdiUm 
Thallium 
Tin 
Vanadium 
ZiC 

4,4-DDD 
4,4-DDE 
4.4-DDT 

f 

Aldrin 
Alpha-BHC 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

515 
515 
515 

515 
01 1 

415 
415 
315 
SI5 
415 
111 
515 
315 
016 
016 
016 
016 
016 
016 
016 
016 
016 
216 
216 
016 

63200 
3300 
1.8 

202 

1490 
18 
9.4 

9980 
11 
30 

5380 
I80 

550 

750 

59055.018 
305 I .4584 
I S874023 

150.00487 
ND 

1329.8103 
13.75372 

7.8103037 
8748.1046 
9.9375905 

49 19.8 17 1 

166.22248 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1080.6495 
2005.9047 
ND 

919 
919 
919 
9/9 
9/9 

919 
019 
5/9 
9/9 
419 
919 
919 
919 

43000 
486 
1.5 

1350 
178 

2160 

22.2 

16300 
52 

92.8 
4530 
278 

37,790 
466 
1.04 
666 
119 

1,424 
ND 
14.1 

9,826 
34.5 
48.0 
2,761 
206 

Retained e 
Retained 
Retained 
Retained 

A 
C 

Retained 
Retained 

C 

Retained 
Retained 
Retained 
Retained 

A 

A 

A 
A 

A. 

A 

A 

A 
A 

Retained 
Retained 

A 

TR -FER/OU I Rl/DF. I 229EU.JB-2 I -93/l I : 14pn 



TABLE EJI-5 
(Continued) 

PARAMETER 

CIS DATA RUFS DATA 

FREQ MAX DET UCL(9596) UNITS FREQ MAX DET UCL(95%) UNITS Reason forDeletion 

Beta-BHC 

Chlordane 
Del t a-B HC 
Dieldrin 

Endosulfan I 
Endosulfan 11 

Endosulfan sulfate 
Endrin 
Endrin ketone 

Gamma-BHC (Lindane) 

Heptachlor 

Heptachlor epoxide 
Methoxychlor 
Toxaphene 

I ,2,4-Trichlorobenzene 
I ,2-Dichlorobenzene 

I ,3-Dichlorobenzene 
I ,4-Dichlorobenzene 
2,4,5-TrichlorophenoI 

2,4,6-TrichlorophenoI 
2,4-Dichlorophenol 
2.4-dimethyl phenol 
2.4- Di ni t rophe no1 

2,4-Dinitrotoluene 
2.6-Dinitrotoluene 

2-Chloronaphthalene 

Ic3, 

(33 

T R - m U I  RVDF.I229EU.JP-2 1-93/11 : 3 5 ~ n  

016 

016 

016 

016 

016 

016 

016 

016 

016 

016 

016 

016 
016 
016 

016 
016 

016 

016 
016 

016 

016 

016 

016 

016 

016 

016 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

.ND 
ND 
ND 
ND 
ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Legend for &it bbk u pmkd on the fL.c p a 5  of thin appendix. 



TABLE E.11-5 
(Continued) 

PARAMETER 

CIS DATA RUFS DATA 

FREQ MAXDET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS ReasonforDeletioo 

2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Niaophenol 
3,3-Dichloro~nzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methyl phenol 

4-Chloroaniline 
4-Chlorophenol phenyl ether 
4-Methylphenol 
4- Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 

;'3 Anthracene 
!q Benzo(a)anthracene 

LF;O 

Benzo( a)pyrene 
Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzoic acid 
Benzyl alcohol 

B is( 2-chloroethoxy )methane 

016 ND 
016 
016 
016 
016 
016 
016 

016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 

016 
016 
016 
016 
016 
013 
016 

016 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

A 
A 
A c6 
A -2 

A g 
A 

A .. - 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

L e g c ~ I  for thio t.bb u pr rn tcd  on chs tird p a p  of chi appendix. 



TABLE EX-5 
(Continued) 

PARAMETER 
CIS DATA RIPS DATA 

FREQ MAX DIT UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS Reason forDeletion 

Bis(2-cNoroethyl)etr 
Bis(2-chloroisopropyl)ether 
B i s( 2 -e thy I hex y 1)phthalate 
Bis(chloromethy1)et her 
Butyl benzyl phthalate 
C- I O  unk hydrocarbon 
Chrysene 

$?? Di-n-butylphthalate 
r? - - -  Di-n-octylphthalate 

Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopent adiene 
Hexachloroethane 
Indeno( I ,2,3-cd)pyrene 
lsophorone 
N-nitroso-di-n-propy Imine 
N-niuosodipheny lam h e  
Naphthalene 
Nitrobenzene 

PentacN orophenol 

* -  

. -  ' Dibenzo(a.h)anthracene 

016 
016 

416 
014 
016 
111 

016 
116 
016 
016 
016 
016 
On 
016 

016 
016 
016 
016 
016 
016 
016 
016 

016 
016 
016 

016 

ND 
ND 

2300 1405.8436 
ND 
ND 

2100 
ND 

56 605.02908 
ND 
ND 
ND 
ND 
ND 
ND 
m 
ND 
ND 
ND 
ND 
ND 
ND 
,ND 
ND 
ND 
ND 
ND 

A 
A 
B 
A 
A 
1 

A 
B 
A 
A 
A 
A 

A 
A 

A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 
A 



TABLE E.II-5 
(Continued) 

PARAMETER 

CIS DATA RIPS DATA 

FREQ MAX DET UCL(959b) UNITS FREQ MAXDET UCL(9596) UNITS Reason forDeletion A 
Phenanthrene 
Phenol 
Pyrene 
I,I,l-Trichloroethane 
I ,  I ,2,2-Tetrachloroethane 
I ,  I ,2-Trichloro- I ,2,2-trifluoe 

. I , I ,2-Trichloroethane 
1.1-Dichloroethane 
I ,  I -Dichloroethene 
1,2-Dichloroethane 

F I ,2-Dichloropropane 
$ I .2-Dichloropropylene 
Fl 

I ,3-Dichloropropene 
I ,3-Dichloropropylene a 

05 2-chloroelhyl vinyl ether 
2-hexanone 

w 
4-methyl-2-pent anone 
Acetone 
Acrylonitrile 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomelhane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 

016 
I 16 
016 

016 
016 

OD 
016 
1 I6 

016 

016 

016 

01 1 
016 

Ql3 
014 
016 
016 
316 
014 

016 
016 
016 

1 I6 
016 

016 
016 

ND 
200 6 15.50255 

ND 

ND 
ND 
ND 
ND 

650 429.04 163 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

6300 3850.6444 
ND 
ND 
ND 
ND 

680 652.83385 
ND 
ND 
ND 

I 

U 

A 

A 

A 

A 

A 

D 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 
A 

A 

A 

A 

D 
A 

A 

A 

Legad for thii tmbk in prcmcnted on the Anc page of this ippodix. 

a 



TABLE E.11-5 
(Continued) 

PARAMETER 

CIS DATA Rups DATA 
~ ~~ 

FREQ MAXDET UCL(9596) UNITS FREQ & D k  U C ( 9 5 Z )  UNITS ReasonforDeletion 

ND A Chlorwt hane 
Chloroform 

Chloromethane 
Cis- 1.2-dichloroethene 
Di brom ochl oromethane 

%’ Dicfiorodi fluoromethane 

’ . 

---e, 

Ethylbenzene 016 .... 
Methylene chloride 
Styrene 
Tetrachloroethene 
Toluene 
Total xylenes 
Trans- I ,2-dichloroethene 
Trichlorwthene 
Vinyl acetate 
Vinyl chloride 

416 
016 

016 

016 

016 

016 

016 

016 

016 

A 
A 
A 
A 
A 
A 
B 
A 
A 

A 
A 
A 
A 

A 
A 

_.\ 

TR-FFJI/OUI RuDF.I229EIl.J~-21-93/1 I :)Sam Lqnd for thia tnbk ia pmmkd on the finc page of thii appendix. 



TABLE EJI-6 

PIT 6 ANALYTICAL RESULTS 

PARAMETER 

RI/FS DATA CIS DATA ! \  FREQ MAXDET UCL(95'Ib) UNITS FREQ MAXDET UCL(954b) UNlTS nnReamnfor , 
Deletion 

Ammonia, as nivogen 
Bromide 
Carbamic acid, monoammonium sa 
Carbon dioxide (am) 
Chloride 
Nitratelnitrite 
oil & grease 
specific gravity 

Sulfate 
Total Kjeldahl nitrogen 
Total organic carbon 
Total organic nitrogen 
Total phosphorus 

PH 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 

1/1 19 mglks 
20 16 18.657 mg/kg 

1/1 
0/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 

4730 

7.6, 
95 
5.7 
5.7 

22200 
30 
26 
222 

ND 

818 
1/8 

418 
3/8 
2(8 

7P 
3/8 
8/8 
8/8 
7P 
8/8 
7P 
9P 
OP 
9P 

9P 
9P 
1P 
9P 
3P 
5P 
319 

14 1 

366 

2250 
52.4 
46 

3.017 
1610 

859 
35000 
801 
3850 

13 
19800 

76.7 
71.7 
2.1 
1.3 

157000 
7 

4.6 
10.8 

83.8 
193 

1,609 
29.9 
37.8 
2.24 
1,093 
748 

2 1,924 
673 

2.635 
12.2 

16,017 
ND 
54.9 
58.6 
1.42 

2.65 
109,694 

22.7 
5.79 
15.5 

G 
C 
I 
I 
C 
C 
F 
F 
C 
F 
F 
F 
C 
F 
H 
A 

Retained 
Retained 
Retained 
Retained 

C 
Retained 
Retained 
Retained 



TABLE ED-6 
(Con tinued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL(959b) UNITS FREQ MAXDET UCL(959b) UNITS nnReam for 
Deletion 

Cyanide 
Iron 
Lead 
Magnesium 

Manganese 

Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silvex 
Sodium 
Thallium 
Tin 
Vanadium 
Zinc 

"7 4.4-DDD 
03 4.4-DDE 
j . 4  

4.4-DDT 
Aldrin 
Alpha-BHC 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclm 1242 

2750 
60 

32100 
35 

51 
913 

158 
600 

100 
48 

ND 

ND 

ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

OB 
9P  
9P 
919 

919 
OP 
OP 
919 
9P 
OP 
719 
9P 

619 
7P 
OP 
9P 

14800 
113 

4 1900 
3 12 

22.7 
6390 

9.2 
586 
108 
21.5 

61 

ND 
11,858 
79.6 

29,056 
221 
ND 
ND 
18.9 

4,719 
ND 

6.19 
464 
71.0 
13.8 
ND 

44.7 

A 

C 
Retained 
C 

Retained 
A 
A 

Retained 
C 
A 

Retained 
C 

Retained 
Retained 
Retained 
Retained 

A 

A 

A 
A 

A 

A 

A 
A 



TABLE E.II-6 
(Continued) 

CIS DATA R W  DATA 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ MAXDET UCL(959b) UNITS nnReason for 

Arocla 1248 
Aroclor 1254 
Arocla 1260 
Beta-BHC 

Chlordane 
Della-BHC 
Dieldrin 
Endosulfan I 
Endosulfan II 

m Endosulfan sulfate 
VI Endrin P 
4 

Endrin ketone 
Gamma-BHC (Lindane) 
Heptachlor 
Heptachlor epoxide 

02 Methoxychlor 
i’d cn Toxaphene 

12.4-Trichlorobenzene 
1.2-Dichlorobenzene 
1.3-Dichlorobenzene 
1.4-Dichlmbenzene 
2,4,5-TrichlorophenoI 
2.4.6-Trichlorophenol 
2.4-Di~hl010phen01 
2.4-DimethylphenoI 

ND 
81 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
‘ND 
ND 
ND 
ND 

A 4 
Retained 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 

_.... 



TABLE E.II-6 
(Continued) 

CIS DATA RJ/FS DATA 

PARAMETER FREQ MAX DET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS nnReason for 
Deletion 

2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6Dinitrotoluene 
2Chloronaphthalene 
2Chlmphenol 

4 ,2-MethylphenOl -_ 
_. 2-Nitmaniline 
. 2-Niaophenol 
\ 

3.3-Dichlorobenzidine 
3-Nitmaniline 
4,6-Diniao-2-rnethylphenol 
4-Bromophenyl phenyl ether 
4Chloroaniline 
4Chlorophenol phenyl ether 
4-Methylphenol 
4-Nitruaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphth ylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Bento(b)fluoranthene 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 

011 ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
M) 

ND 
ND 
ND 

A 

A 
A 

A 
A 

A 
A 

A 
A 
A 
A 

A 
A 

A 

A 
A 

A 
A b6 
A * 
A 
A 



TABLE E.II-6 
(Continued) 

RVFs DATA CIS DATA 

PARAMETER FREQ MAXDET UCL(959b) UMTS FREQ MAXDET UCL(956) UNITS nnReason for 
Deletion 

Benzyl alcohol 

Bis(2chloroethoxy)methane 
Bis(2chloroethyl)ethet 

. Bis(2chloroisopropyl)ether 
Bis(2ethylhexyl)phthalate 
Butyl benzyl phthalate 
Chrysene 
Di-n-butylphthalate 
Di-n-octy lphlhalate 
Dibenzo(a,h)anthracene 

Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene (53 

'2 Hexachlmbenzene 

c( Y 

&, Dibenzofuran 
\o 

' oc, Fluorene 

Hexachlorobutadiene 
Hexachloroethane 

Indene( 1.2.3cd)pyrene 
Isophorone 
N-nitrosedi-n-propylamine 
N-nitrosodiphen y lamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 

ND 
ND 
ND 
ND 

410 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I 

.-.. A 

A tP -*. 3 A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 



TABLE EB-6 
(Continued) 

CIS DATA RUFs DATA 

PARAMETER FREQ MAXDET UCL(959b) UNITS FREQ MAXDET UCL(959b) UNITS nnReason for 
Deletion 

Phenanthrene 
Phenol 
1 J.1-Trichloroethane 
1.1.2,ZTeuachloroethane 
1.1 3-Trichloroethane 
1.1 -Dichloroethane 
1.1 -Dichloroethene 
1.2-Dichloroethane 
1.2-Dichlomthene 
1.2-Dichlompropane 
1.3-Dichloropropene 
2-Butanone 
2Chlomthyl vinyl ether 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 

'3 Benzene 
.+ Bmmodichlomethane 

Bmmofonn 
Bmmomethane 
Butanoic acid, methyl ester 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlmthane 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

530 926.20984 
ND 
ND 
ND 

3200 2816.3 125 
ND 
ND 
ND 
ND 

6 8.657 
ND 
ND 
ND 
ND 

A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 

B 
A 
A 
A 
B 
A 
A 
A 
A 
D 
A 

A 
A 

A 



TABLE E.II-6 
(Con tinmed) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL(959b) UNITS FREQ MAXDET UCL(959b) UNITS nnReason for 
DeletiOn 

A 

ug/kg A 
A 

2Chloronaphthalene 
2Chlorophenol 

2-Nitroaniline 
2-Nitmphenol 
3.3-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinim-2-methylphenol 
4-Bromophenyl phenyl ether 
4Chloroaniline 
4Chlorophenol phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitmphenol 

2-Methylphenol 

Acenaphthene 9 

4 Acenaphthylene 
, Anthracene 

Benzo(a)anhcene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Ben@) fluoranthene 
Benzyl alcohol 
Bis(2chloroethoxy)methane 
Bis(2chloroethyl)ethet 

0/1 
0/1 
011 

0/1 
0/1 
0/1 
0/1 
O/l 
0/1 

0/1 
0/1 
0/1 

O/l 
0/1 
0/1 

O/l 
0/1 
0/1 

0/1 

0/1 
0/1 
O/l 
0/1 

0/1 

O/l 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
m 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



TABLE End 
(Continued) 

CIS DATA RVFS DATA 

PARAMETER FREQ MAXDET UCL(955) UNITS FREQ MAXDET UCL(956) UNITS nnRe!ason for 
Deletion 

Bis(2chloroisopro~l)ether 
Bis(2ethylhexyl)phthalate 
But$ 1 .< .benzyl phthalate 

Chysene 
Di:n-butylphthalate 
Di-n-ociy lphthalate 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexac hlorobutadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyren 
Isophorone 
N-nitroswii-n-propylamine 
N-nitrosodipheny lamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
phenol 
1,1,1 -Trichloroethane 

011 ND 
4 10 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
N D  
ND 
ND 
ND 

A 

B 
A 
A 

A 

A 
A 

A 
A 
A 
A 

A 
A 

A 
A 
A 

A 
A 
A 
A 

A 
A 

A 
A 

A 

& 



TABLE E.II-6 
(Con tinmed) 

PARAMETER 

CIS DATA RUFs DATA 

FREQ MAXDET UCL(959b) UNITS FREQ MAXDET UCL(959b) UNITS nnReason for 
Deletion 

1.12,2-Teerachlomethane 
1.12-Trichloroethane 
1.1 -Dichloroethane 
1 ,l-Dichloroethene 
1.2-Dichloroethane 
1 2-Dichloroethene 
1 ,2-Dichloropmpane 
1,3-Dichloropmpene 
2-Butanone 
2Chlomthyl vinyl ether 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromerhane 
Bromoform 
Bromomethane 
Butanoic acid, methyl ester 
Carbon disulfide 
Carbon tetrachloride 

Chlorobenzene 
Chlomethane 
Choroform 
Chloromethane 
Dibromochloromethane 

530 

3200 

6 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

926.20984 
ND 
ND 
ND 

2816.3125 
ND 
ND 
ND 
ND 

8.657 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

I 

A 
tb 
Q 
Q 
@ 

A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
B 
A 
A 
A 
A 
D 
A 
A 

A 
A 



e 
TABLE E.II-6 

(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL(959b) UNITS FREQ MAXDET UCL(959b) UNITS nnReason for 
Deletion 

Elhylbenzene 
Methylene chloride 
Styrene 
Chloroform 
Chloromethane 
Dibromochloromethane 
Ethylbenzene 
Methylene chloride 
Styrene 
Tetrac hloroethene 
Toluene 
Tolal xylene 
Trans-] .2dichloroelhene 
Trichloroethene 
Vinyl acetate 
Vinyl chloride 

014 
1/3 
014 
014 
014 
014 
014 
I f 3  
014 
414 
014 
014 
011 
114 

014 
014 

78000 

78000 

29000 

1 70 

ND A 
B 
A 
A 
A 
A 
A 
B 
A 

Retained 
A 

A 
A 
D 
A 
A 



! _ .  
TABLE E.11-7 

Vb 

RI/FS DATA a 
BURN PIT MATERIAL ANALYTICAL RESULT 

4 
CIS DATA 

PARAMETER FREQ MAX UCL(959b) UMT FXEQ MAX UCL UNIT Reason 
DET S D m  (95%) S Dele tion 

1,2,3 ,4,6,7 ,8-Heptachlorodibenzo-p- 
1,2,3,4,6,7,8-Heplachlorodibenzofur 
1,2,3.4,7,8,9-Heplachlorodibenzofur 
1,2,3,4,7,8-HexachIorodibenzo-p-dio 
1,2,3,4,7,8-Hexachlorodibenzofuran 
1,2,3,6,7,8-Hexachlorodibcnzo-p-dio 
1,2,3,6,7,8-Hexachlorodibenzofuran 
I .2,3,7,8,9-Hcx~chlorodibenzo-p-dio 
1,2,3,7.8,9-Hex~chlorodibenzofuran 
1.2.3,7.8-Pent~chlorodibenzo-p-diox 
1.2,3,7,8-Penlach lorodibenzofuran 
2.3,4,6,7.8-Hexachlorodibenzofuran 

521 
E 

e 2,3,4,7,8-Pentachlorodibenzofuran 
Zi 2,3,7,8-TCDD 
(23 
Q> 2,3,7,8-TCDF 

Heptachlorodibenzo-p-dioxin 
Heprachlorodibenzofuran 
Hexachlorodibenzo-p-dioxin 
Hexachlorodibenzofuran 
Octachlorodibenzo-p-dioxin 
Octachlorodibenzofuran 
Pent achlorodibenzo-p-dioxin 
Pentachlorodibenzofuran 

TR-FERloU I RUDF.1229En.7P-2 I -9311 1 : l7pn 

0.52 0.556 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.98 1.08 
ND 
ND 
ND 

4 4.50 
0.13 0.191 

ND 
ND 

Retained 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Retained 
A 
A 
A 

Retained 



TABLE E.11-7 
(Continued) 

CIS DATA RIJFS DATA 

PARAMETER FREQ MAX UCL(958) UNIT FREQ MAX UCL UNIT Reason for 
DET S DET (95%) S Deletion 

Tetrachlorodibento-p-dioxin 
Tetrachlorodibenzofuran 
Ammonia 
Bromide 
Chloride 
Fluoride 
Nitrate 
Phosphorus 
sulfale 
Sulfide 
Tolal organic carbon 

Total organic nitrogen 

PH 
2.4.5-T 
2.4.5-TP (SILVEX) 

2,4-D 
D i noseb 

Aluminum 7 1 7  
Antimony 1 1 7  
Arsenic 5 1 7  
Barium 5 1 7  
Beryllium 5 1 7  
Boron 

0 1 3  
0 1 3  
0 1 2  
0 1 1  
1 1 1  
1 1 1  
0 1 1  
2 1 2  
1 1 1  
1 / 2  
1 1 1  
2 1 2  
1 / 1  
0 1 2  
0 1 2  
0 1 2  
0 1 3  

11900 8878.2616 mg/kg 4 1 4  
0.6 0.6635527 mg/kg 2 1 4  
21 . 11.807753 mg/kg 4 1 4  

7100 3045.9527 mg/kg 4 1 4  
16 7.1364137 mg/kg 4 / 4  

2 1 3  

192 
49.1 

783 
172 
59.2 

152000 
642 
8.53 

8550 
17.8 
39.2 
299 
1.9 

48.2 

ND 
ND 
ND 
ND 

ND 
2,295 

216 

1,123 

ND 
ND 
ND 
ND 

8,162 
18.0 

34.7 
327 
2.01 
61.3 

A 
A 

A 

A 

C 
C 
A 
C 
C 
C 
F 
F 
F 
A 
A 
A 

A 
H 

Retained 

Retained , 

Retained. 
. .  

Retained 8 
Re ined ,O 8 

#A g E  



TABLE EM-7 

. .  (Continued) 

I CIS DATA RI/FS DATA 

1 PARAMETER FREQ MAX UCL(9596) UNIT FRE!Q MAX UCL UNIT Reason for 
S DET (95%) S Deletion DET 

Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 

pl ' Molybdenum 
Nickel 
Potassium 

(3 
d e l e n i u m  
3 i I i c o n  

Silver 
Sodium 
Thallium 
Tin 
Va nad i um 
Zinc 
Azinphosmeth y l 

617 
717 
1 /6 

216 
617 
317 

166 

17400 
53 

57100 
1720 
0.2 

60 
1450 
0.5 

506 
1270 
0.5 

290 
75 

80.309988 
ND 

13299.854 
32.41 1985 
31429.575 
859.01444 
0.120207 1 

3 1.460506 
1084.8737 
0.3470669 

255.26659 
950.768 10 
0.4085855 

129.48647 
57.783095 

717 35 15.376977 m a g  414 5.4 5.61 m s F s  Retained '* 
717 88 43.388008 m a g  414 91.2 92.9 mgm3 Retained 
617 104 48.423565 mg/kg 414 111 98.9 m a g  Retained 

7 / 7 116OOO 69714.460 m a g  4 14 88900 89,688 mg/kg C a 

4 1 4  

414 
414 
414 
414 
314 
414 
414 
414 
414 
3 1 3  
414 
414 

012 
414 
414 
012 

214 

014 

259 28 1 m a g  Retained 
0.21 0.199 mg/kg Retained 

279 310 mg/kg Retained 

962 944 m a g  Retained I 

1.2 1.12 m@g Retained 
24.8 24.9 m a g  Retained I 

206 187 mJ3lkg Retained 

31200 31,721 mglkg C 

25700 28,110 m a g  C 
I 

1410 1,435 m a g  C 
2 1.91 
1350 1,613 
21.6 23.5 
812 780 

ND 
ND 

43.3 43.6 
505 523 

ND 



TABLE E.n-7 
(Continued) 

CIS DATA RI/FS DATA 
UNIT Reason for PARAMETER FREQ MAX UCL(95b)  UNIT FREQ MAX UCL 

DET S DET (95%) S Dele tion 

Demeton 
Diazinon 
Dimethoate 
Disulfoton 
Ethion 
Famphw 
Malathion 
Parathion, ethyl 
Parathion, methyl 
Phorate 
Sulfotepp 
Tc tract h y I pyrophosphate 
Thionazin 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
alpha-BHC 
alphachlordane 
Aroclor- 10 16 

Aroclor- 122 1 

Aroclor- 1232 

Aroclor-I242 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

A 

A 

A 

A 

A 

A 
A 
A 

A 

A 
A 
A 

A 
A 

A 

A 

A 

A 
A 
A 

A 
A 
A 

hgend for lhb tablc b pnrntrd on the nnt page of thlr n T p m 4 h  



TABLE E.11-7 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAX UCL(958) UNIT FREQ MAX UCL UNIT Reason for 

Aroclor-I248 0 1 7  ND 
Aroclor- 1254 5 1 7  2700 1555.7320 u@g 3 1 4  7700 6,688 ug/kg Retained 
Aroclor-I260 0 1 7  ND ug/kg 0 1 3  ND ug/kg A 

DET S DET (95%) S Deletion 

UgFg 014  ND ug/kg A $  

Beta-BHC 
Chlordane 
Chlorobenzilale 
Della-BHC 
Dieldrin 
Endosuhn I 
Endosulfan I1 
Endosulfan sulfate 
Endosulfan-I 
Endrin 
Endrin ketone 
Gamma-BHC (Lindane) 

4 Gamma-BHC(Lindane) 
J 

Gamma-chlordane 
Heptachlor 
Heptachlor epoxide 
lsodrin 
Kepone 
Methoxychlor 
Toxaphene 

0 1 7  
0 1 7  

0 1 7  
0 1 7  

0 1 7  

0 1 7  

0 1 7  

ND 
ND 

ND 

ND 
ND 

ND 
ND 

ND 
ND 

ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
A 

A 

I 



TABLE E.11-7 
(Continued) 

I 
CIS DATA 

PARAMETER FREQ MAX UCL(958) UNIT FREQ MAX UCL UNIT Reason for 
Dele tion DET S DET (95%) S 

... 

I ,2,4,5 -Tetrachlorobenzene 
I ,2,4-Trichlorobenzene 
1.2-Dichlorobenzene 
1,3-Dichlorobenzene 
1.3-Dinitrobenzene 
I ,4-Dichlorobenzene 
I ,4-Naphthoquinone 
1 -Nnphhylamine 

0 1 7  

0 1 7  
0 1 7  

0 1 7  

2.3,4.6-Terrachlorophenol 0 1 1  ND ug/kg A 
2,4,5-Trichlorophenol 0 1 7  ND ug/kg 0 1 5  ND ug/kg A 
2,4,6-TricNorophenol 0 1 7  ND UgFg 0 1 5  ND ug/kg A 
2,4-Dichlorophenol 0 1 7  ND ug/kg 0 1 5  ND ug/kg A 

2.4-Dimethylphenol 0 1 7  ND ug/kg 0 1 5  ND ug/kg A 
2.4-Dinilrophenol 014 ND ug/kg 0 1 5  ND ug/kg A 

2.4-Dinilrotoluene 0 1 7  ND ug/kg 0 1 5  ND ug/kg A 
2,6-Dichlorophenol 0 1 1  ND ug/kg A 
2.6-Dinitroroluene 0 1 7  ND ug/kg 0 1 5  ND ug/kg A 

2-Acetylcminofluorene 0 1 1  ND ug/kg A 
2-Chloronnphthalene 0 1 7  ND wk.3 0 1 5  ND ug/kg A 

2-Chlorophcnol 0 1 7  ND ug/kg 0 1 5  ND ug& 3  A 
2-Melhy lnaphrhalene 1 1 7  50 259.56297 ug/kg 2 1 5  820 641 ug/kg D 
2-Methy lphcnol 0 1 7  ND ug/kg 0 1 5  ND ug/kg 

2-Naphthylamine 0 1 1  ND ug/kg 

,* 

T R + W O I I I ~ I  ’ il7F)-?.l-93/1I:17pn Lqed for thb table b prrwntrd on the flrnt page of I l r h  . q w n d h  

w 



TABLE E.11-7 
(Continued) 

1 i 

CIS DATA RJJFS DATA 

PARAMETER 
~ ~~~~ ~ ~~ ~~ 

Reason for ~ 

DET S DET (95%) S Deletion ! 
FREQ MAX UCL(95b) UNIT FREQ MAX UCL UNIT 

2-N i t roanil inc 
2-Nitrophenol 
2-Picoline 
3,3'-Dichlorobenzidine 
3,3'-Dimerhylbenzidine 

3,3-Dichlorobenzidine 
3-Methylcholanthrene 

3-Methylphenol 
3-Nitroaniline 
4,6-Dinilro-2-me1hylphenol 

F 
W 4-Aminobiphenyl ' 4-Bromophenyl phenyl ether 

4-Chloro-3-methylphenol 
4-Ch loroan i 1 ine 
4-Chlorophenol phenyl ether 

4-Chlorophenyl-phcnylet her 
4-Chlorophcnyl-phenyl ether 

4-Melhylphcnol 
4 -Nit roani I ine 
4-Nitrophenol 
4-Nitroquinoline- 1 -oxide 
5-Nitro-o-toluidine 
7.12-Dimethylbenz(a)anthracene 

cx, 
pc;: 
C . 9  

TR-FFRPU I W/DF.I 229u1.7/9-2 I -9W1 I : 1 7 ~  

a 

1 *ad for Ihb 1.M. b presented on the nrrl PDP 01 lhb rpprndh. 

w 

a I 



TABLE E.11-7 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAX UCL(958) UNIT FREQ MAX UCL UNIT Reason for 
DET S DET (95%) S Deletion 

A,a-Dimethy lpheneth y lamine 
Acenaphthene 
Acenaphthylene 
Acetophenone 
Aniline 
Anthracene 
Aramite 
Bcnzo(a)anthracene 

Benzo( a)pyrene 
Bcnzo( b)fluoranlhcne 
Bcnzo(g.h,i)pcrylene 
Benzo( k)fluor,mthene 
Benzoic acid 
Benzyl alcohol 
Bis(2chloroethoxy)methane 
B is( 2chloroelhyl)ether 
Bis(2chloroisopropyl)ether 
Bis(2-ethylhexyl)phthalale 
Butyl benzyl phthalate 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Diallate 

170 
1 60 
170 
85 
200 

2000 

83 
210 
130 

ND 
ND 

ND 

209.16987 
245.57381 
2 10.39366 
256.20635 
24 1.54293 

ND 
ND 
ND 
ND 
ND 

647.8765 1 
ND 

221.02751 
240.83902 
198.23001 

1100 

3100 

6300 
3900 
9600 
2900 
340 

9700 

7000 

ND 
810 
ND 
ND 
ND 
2,053 
ND 
4,029 
2,529 
6.122 
1,898 
1,663 
ND 
ND 
ND 
ND 
ND 
6151 
ND 
4,468 
ND 
ND 
ND 

7R -IFRlOU I R W P .  1 2dEfl.7P.2 I -9yl I : I7pn  w n d  for thb bhlc b prcvnlld 

A 
Retained 

A 

A 

A 
Retained 

A 

Retained 
Retained 
Retained 
Retained 
Retained 

A 
A 
A 
A 
A 
B 
B 

Retain? 

. c  



TABLE EJI-7 
(Continued) 

F 
P 
4 w 

0 1 7  
0 1 6  
0 1 7  

1 1 6  78 

0 1 7  

ND 

CIS DATA RWS DATA 

I PARAMETER FREQ MAX UCL(958) UNIT FREQ MAX UCL UNIT Reason for 
DET S DET (95%) S 

Dibenzo(a,h)anthracene 0 1 7  ND uglkg 0 1 5  ND ug/kg 
Dibenzofuran ND uglkg 1 1 5  900 689 ug/kg 
Diethyl phthalate ND uglkg 1 1 5  80 1,669 ug/kg 
Dimethyl phthalate uglkg 0 1 5  
Diphenylamine 0 1  1 

Ethyl mcthancsulfonate 0 1  1 

Fluorant henc ugBg 2 1 5  
Fluorene ugflrg 2 1 5  

Hexac hlorobenzene uglkg 0 1 5  
Hexachlorobutadiene uglkg 0 1 5  

Hexachloroc yclopentadiene ugBg 0 1 5  

Hexachloroethane ug/kg 0 1 5  
Hexachlorophene 0 1 1  
Hexachloropropene 0 / 1  
Indeno( 1,2,3-cd)pyrene ug/kg 2 1 5  

lsophorone uglkg 0 1 5  
lsosafrole 0 1 1  
Methyl methanesul fonate 0 1  1 

242.7 1449 
ND 
ND 
ND 
ND 
ND 

257.36749 
ND 

A 
A 

A 

Retained 
Retained 

A 
A 

A 

A 
A 

A 

Retained 
A 

A 

A 

N-nitroso-di-n-phenylamine 0 1 1  ND u@g A I 
N-nitroso-di-n-propylamine 0 1 7  
N-nitrosodi-n-buty lamine 
N-nitrosodiethy lamine 
N-nitrosodiphentlamine 0 1 1  

W n d  for lhb hhlr I* pmrnkd on the f h l  page of lhb appndb. 

w 



TABLE E.11-7 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAX UCL(95%) UNIT FREQ MAX UCL UNIT Reason for 
Deletion DET S DET (95%) S 

4 1 7  
3 1 7  

3 1 7  

0 1 6  

N-nilrosodiphenylamine 0 1 5  

N-nilrosomethylethylamine 
N-nilrosomorpholine 
N-nitrosopiperidine 
N-nitrosopyrrolidine 
Naphthalene 
Nitrobenzene 
0,o.o-Trieth y lphosphorothioate 
o-Toluidine 
P-Dimethy laminoazobenzene 
P-Pheny lenediamine 
Pent achlorobenzene 
Pentachloroe thane 
Pen tachloron i trobenzene 
Pentachlorophenol 
Phenocelin 
Phcnanl hrene 
Phenol 
Pronmide 
Pyrene 
Safrole 
I , I  , I  ,2-Te1rachloroelhane 
1.1,l -Trichloroelhane 

2600 

190 
650 

I40 

ND 

ND 
ND 

1775.6699 

23 i .99557 
39 1.28045 

230.87059 

ND 

ND 
ND 
ND 
ND 
ND 

200 1,677 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

15000 9,482 
ND 
ND 

14000 8,865 
ND 
ND 

2 4.27 

A 

A 
A 

A 
A 
D 
A 
A 
A 

A 

A 
A 
A 
A 

Retained 
A 

Retained 
D -. 

A 
Retained -a 



TABLE E.11-7 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAX U C L ( 9 5 8 )  UNIT FREQ MAX UCL UNIT Reason for 
DET S DET (95%) S Deletion \ 

I , I  ,2,2-Telrachloroelhane 0 1 6  ND ug/kg 0 1 4  ND ug/kg A 

I ,  1.2-Trichloroelhane 0 1 6  ND ug/kg 0 1 4  ND ug/kg A 

1 ,l-Dichloroelh,ane 0 1 6  ND ug/kg 2 1 5  110 71.2 ug/kg D N  

4 1.1 -Dichloroelhene 0 1 6  ND ug/kg 0 1 4  ND usncg 
1.2-Dibromo-3-chloropropane 0 1 1  ND ug/kg A 

C r j  I ,2-Dibromoe(hane 0 1  1 ND A 
0 1 6  ND ug/kg 0 1 4  ND ug/kg A 

1,2-Dichloroethylene 0 1 4  ND ugtkg A 
1,2-Dichloropropane 0 1 6  ND ug/kg 0 / 4  ND ug/kg A 
1.3-Dichloropropene 0 1 6  ND ug/kg A 

1 1 1  70 ug/kg 1 1 4  41 35.4 ug/kg B 

2-Chloroerhyl vinyl ether 0 1 6  ND ug/kg A 
-.. 2-Hexanone 0 1 6  ND ug/kg 1 1 4  2 8.56 ug/kg D 

3-Chloropropcne 0 1 1  ND ug/kg A 
4-Merhyl-2-pcnranone 0 1 6  ND ug/kg 1 1 4  6 7.62 ug/kg D 
4-Methylphenolprophyl elher 0 1  1 ND ug/kg A 

Acetone 1 1 6  750 474.16788 ug/kg 4 1 5  100 78.2 ug/kg B 
Acelonilrile 0 1 1  ND ug/kg A 

Acrolein 0 1 1  ND ug/kg A 
Acrylonitrile 0 1 1  ND ug/kg A 

Bromodichloromerhane 0 1 6  ND ug/kg 0 1 4  ND 

A @  
c2 
CC 

Cd 
1.2-Dichloroelhane 

F 
El 2-Bulanone ' . 2-Chloro-l,3-buradienc 0 1 1  ND ug/kg A 

Benzene 0 1 6  ND uslkg 0 / 4  ND ug/kg A !  

ug/kg A Oa 
I * A  

TR-FUIIOU I R1111 I2FIEIl.7P-2 I -93/1 I:17pm Lgrnd for lhb lablc b pnwnkd on lhr nnl p a y  of t h k  mpprndlc 
W 

a Ab  



TABLE E.11-7 
(Continued) 

PARAMETER 

CIS DATA RWS DATA 

FREQ MAX UCL(958) UNIT FXEQ MAX UCL UNIT Reason for 
DET S DET (95%) S Deletion 

Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroet hane 
Chloroform 
Chloromethane 
Cis- 1.3-dichloropropene 
Dibromochlororncthane 
Dibromomet hane 
Ethyl cyanide 
Ethyl methacrylate 
Ethylbenzene 
lodomethanc 
Met hacry lonit rile 
Methyl methacrylate 
Methylene chloride 
Styrene 
Tech chlordane 
Telrachloroel hene 
Toluene 
Total xylenes 

1 1 6  270 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

188.55724 

256.02973 
ND 
ND 

194.44572 
1 14.84577 
499.99084 

ND 

ND 
1 4.42 

ND 

2 4.13 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

28 24.7 
ND 

ND 
ND 

56 38.6 
ND 

ND 
3 3.93 

190 172 

A 

A 
B 
A 

D 

A 

A 
A 
A 
A 
A 

A 
A 

D -" 

A 

A -  
B tb 

Qe A e  
Retained 

a E  
W 

Legend for thb table h pmvnkd on the flmt page n l  W s  appcndb 



TABLE E.11-7 
(Continued) 

CIS DATA RWS DATA 

PARAMETER FREQ MAX UCL(9S%) UNIT FREQ MAX UCL UNIT Reason for 
Deletion I DET S DET (95%) S 

Trans- I .2-dichloroechene 
Trans- 1.3-dichloropropene 
Trans- 1,4-dichloro-2-burene 
Trichloroclhene 
Tric hlorofluoromet ham 
Vinyl acetate 
Vinyl chloride 
1,2,3-Trichloropropane 

0 1 6  ND 

3 

A ,  
A 
A 

I ,  

Retained 
A 



TABLE E.11-8 

CLEARWELL MATERIAL ANALYTICAL RESULTS 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL UNlTS FREQ MAX DET UCL UNITS Reason for Deletion 

Ammonia, as nitrogen 

Bromide 

Chloride 

Nitratelnitrite 

Oil & grease 

suirate 

Total Kjcldahl nitrogen 

Total organic carbon 

Total organic nitrogen 

Total phosphorus 

PH 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

TR-FERDU I RWC. I zmn.np-z I -93/1:24pm 

4 1 4  

2 1 4  

4 1 4  

4 1 4  

4 1 4  

2 1 4  

4 1 4  

4 1 4  

2 1 4  

4 1 4  

23800 

32 

18 

6910 

9.1 

7.2 

183000 

76 

23 

I120 

25432.646 

27.002662 

16.556 105 

6 14 1 S747 

7.7771414 

7.26995 18 

180187.73 

70.663 160 

23.82 1571 

1054.098 I 

151 

69 

288 

572 

1060 

85000 

909 

6.95 

20700 

10.9 

59.1 

1790 

2.9 

2.9 

177000 

I96 

25.7 

3320 

161 mslkg G 

ND mgkg A 

ND mg/kg A 

51.7 mgkg C 

252 m a g  F 

580 mglkg C 

92 1 mgkg F 

70,525 mgkg F 

948 F 

ND mg/kg A 

6.96 S.U. F 

19,616 m a g  H 

9.4 1 mslkg Retained 

54.0 mgkg Retained 

1,612 mgkg Retained 

2.34 mgkg Retained 

Retained 
f ’  - 2.73 mgkg 

167,699 mgkg C 

153 mglkg Retained 3 

21.4 mglkg Retained 

2,418 mg/kg 



TABLE E.11-8 
(Continued) 

kb 
CIS DATA Ryps DATA e 

PARAMETER FREQ MAXDET UCL UNITS FREQ MAX DET UCL UNITS Reason forDeletion 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Tin 

Vanadium 

Zinc 

4,4-DDD 

4.4-DDE 

4,4-DDT 

Aldrin 
Alpha-BHC 

9.2 

21 100 

83 

44600 

1660 

4.4 

67 

3650 

3.7 

3.3 

3500 

2.1 

2600 

194 

7.8472940 

20897.941 

75.613848 

45859.480 

1655.5 129 

4.8015205 

64.829959 

3536.8033 

3.1872075 

3.1759023 

3656.6100 

I .82 I2474 

2201.1041 

177.12031 

ND 
ND 

ND 

ND 
ND 

4 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

616 

6 1 6  

6 1 6  

6 1 6  

4 1 6  

5 1 6  

6 1 6  

4 1 6  

5 1 6  

6 1 6  

6 1 6  

1.47 

20300 

588 

27200 

19800 

1.6 

40.9 

228 

4820 

0.85 

12.7 

1020 

1.6 

24. I 

285 

3 14 

1.09 

19,514 

433 

24,943 

13,249 

1.41 

36.5 

167 

4,662 

0.617 

9.84 

834 

1.26 

18.1 

232 

246 

C 

Retained 

C 

Retained 

Retained 

Retained 

Retaine41 

C 
Retained 

Retained 

C 

Retained 

Retained 

Retained 

Retained 

A 

A 

A 

A 

A 

TR-FwoUl W C .  1229@U.RP-2 I -93/1:24pm 



TABLE E.11-8 
(Continued) 

CIS DATA RIFS DATA 

PARAMETER FREQ W D E T  UCL UNITS FREQ MAXDET UCL UNITS Reason forDeletion 

Aroclor 1016 

Aroclor 1221 

Aroclor 1232 

Aroclor 1242 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

Beta-BHC 

Chlordane 

Delta-BHC 

Dieldrin 

Endosulfan I 

Endosulfan I1 

Endosulfan sulfate 

Endrin 

Endrin ketone 

Gamma-BHC (Lindane) 

Heptachlor 

Heptachlor epoxide 

Methoxychlor 

Toxaphene 

ND 

ND 

ND 
121 168.08344 

308 283.55379 

737 643.48989 

ND 

ND 

ND 
ND 

ND 

ND 
ND 

ND 
ND 
ND 

ND 

ND 

ND 

ND 

ND ug/kg 

A 

A 

A 

Retained 

Retained 

Retained 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
k& * 

iJ0 

Legend for this table is p r c ~ r l c J  on the fira page of this appendii. 



TABLE E.11-8 
(Continued) 

A -  

CIS DATA RWS DATA 

I ,2,4-Trichlorobenzene 0 1 4  

1.2-Dichlorobenzene 0 1 4  

PARAMETER FREQ MAXDET UCL UNITS FREQ MAX DET UCL UNITS Reason forDeletioa 

A 

A 

I ,3-Dichlombenzene 0 1 4  ND A 

I ,4-Dichlombenzene 

2.45-Trichlorophenol 

2,4,6-Trichloropllenol 

0 2P-Dichlorophenol a? 
a 2,4-Diniethylphenol 
3 

2P-Dinitrophenol 

2,4-Dinitroroluene 

2 2,6-Dinitroroluene 
F 

2-Chloronaphlhalene 

2-Chlorophenol 

ND 

6200 5975.7299 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

A 

Retained 

A 

A 

A 

A 

A 

A 

A 

A 

. I  2-Methylnaphthalene 0 1 4  ND ukm! A 

2-Methylphenol 0 1 4  ND uglb;g A 

-- 2-Niuoaniline 0 1 4  ND uglb;g A 

2-Nitrophenol 0 1 4  ND uslks A 

3.3-Dichlorobenzidine 0 1 4  ND ug/lrg A 

3-Nitroaniline 0 1 4  ND uglkg A 

c 

4,6-Dinini1ro-2-methylphenol 0 1 4  

I 4-Bromophenyl phenyl ether 0 1 4  

TR-FER/OUI W C .  1229EIl.RD-2 I -93/1:24pm 

a 

A 

A 



TABLE EX-8 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL UNITS FREQ MAXDET UCL UNITS ReasonforDeletion 

4-Chloro-3-methylphenol 

4-ChIOroanihR 

4-Chlorophenol phenyl ether 

4-Methylphenol 
c3 cr, 4-Nitroaniline 

ch 4-Nitrophenol 
(3 

Acenaphthene 

Acenaphthy lene 

Antbcene 

M Benzo(a)anthracene 

06 Benzo(a)pyrene F 
t4 

Benzo( b)fluoranthene 

Benzo(g,h,i)pcrylene 

1, r. +-, Benzo(k)flouranthene 
- 1 - 3  

r= 

Benzyl Alcohol 

Bis(2-chloroethyl)methane 

Bis(2-chlorothyl)ethr 

Bis(2-chloroethy1)phthhalate 

Bis( 2-chloroisopropyl)ether 

Bis(2-elhylhexyl)phthhalate 

Butyl benzyl phthalate 

450 

890 

670 

710 

230 

750 

560 

ND 

. N D  
ND 

ND 
ND 
ND 
ND 
ND 

710.85609 

916.87589 

77 I .78598 

79 I .79406 

725.40845 

8 13.89587 

ND 

ND 

ND 

ND 

ND 

524.67 178 

ND 

A 

A 

A 

A 

A 

A 

A 

A 

D 

Retained 

Retained 

Retained 

Retained 

Retained 

A 

A 

A 

A 

A 

B 

A 

, ~ .  . 

L e g d  for thia tabk i s  premlul on the tirsi page of this 



TABLE E.11-8 
(Continued) 

,-. 
___ ~- 

CIS DATA RIPS DATA 

PARAMETER FREQ MAXDET UCL UNITS FREQ MAXDET UCL U M T S  Reason forDeletio 

Chrysene 

Di-n-but ylphthalate 

Di-n-octy lphthalare 

Dibenzo(a,h)anthracene 

Dibenzofuran 

(3 Diethyl phrhalate 

* Dimethyl phthalate ip 

+e Fluoranthene 

Hexachlorobenzene 

Hexachlorobutadiene 

00 Hexachlorocyclopenladiene 

Hexachloroethane 

P 
w 

.. L 

Indeno( 1,2,3-cd)pyrene 

lsophorone 

N-nitroso-di-n-propyl amine 

N-nhosodiphenylarnine 

Naphthalene 

N i Lrobenzene 

Peritachlorophenol 

Phenanthrene 

Phenol 

lo00 1003.8621 

I700 1536.9830 

ND 

ND 
ND 

410 709.07320 

ND 

3100 2697.61 01 

ND 
ND 
ND 

ND 

270 719.14216 

ND 
ND 

m 
ND 
ND 
m 

2100 1789.1240 

ND 

Retained 

B 

A 
d 

A 

A 

B 

A 

Retained 

A 

A 

A 

A 

Retained 

A 

A 

A 

A 

A 

A 

Retained 

A 



TABLE E.11-8 
(Continued) 

CIS DATA Rvps DATA 

PARAMETER FREQ MAXDET UCL UNITS FREQ MAXDET UCL UNITS Reason forDeletion 

Pyrene 

I ,  I ,  I -Trichloroerhane 

I ,  I ,2,2-Teachloroethane 

I ,  I .2-Trichloroethme 

I ,I-Dichloroethane 

(3 I ,  I -Dichloroethene 
oc, 
,b I .2-Dichloroethane 

iu I .Z:Dichlompropane 

I ,3-Dichloropropene 

M 2-Hexanone 

g 4-Merhyl-2-pentanone F 

Acetone 

Benzene 

Bromodichloromethane 

Bromofonn 

Bromomelhane 

Cahon disulfide 

Cahon tetnchloride 

Chlorobenzene 

Chloroethme 

Chloroform 

3 1 4  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

1 1 3  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

0 1 3  

O J 3  

0 1 3  

O J 3  

1400 1300,3789 

ND 
ND 

ND 
ND 

ND 

ND 

ND 
ND 

ND 

ND 
2000 2476.8620 

ND 
ND 

ND 

ND 

ND 

ND 

NIj 

ND 
ND 

Retained 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A B 
A 

A 

. .-. 



TABLE E.11-8 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAXDET UCL UNlTS FREQ MAXDET UCL UNITS 'Reason forDeletioa 

Chloromethane 0 1 3  A 

I Di bromochloromethane 0 1 3  ND A 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

0 1 3  ND uglkg 

1 1 3  870 1078.4847 uglkg 

0 1 3  ND uglkg 

0 1 3  ND uslkg 

Toluene 0 1 3  ND uslkg A I 
Total xylene 0 1 3  

Trans- 1.2-dichloroethene 0 1 3  

m Trichloroethene 
oo F Vinyl acetate 
VI 

0 1 3  

0 1 3  

Vinyl chloride 0 1 3  ND 

A 

A 

A 

A 

A 

I 



0 
TABLE E.11-9 

PIT 1 MATERIAL ANALYSIS FOR RADIONUCLIDES 

CIS Data RI/FS Data 

PARAMETER FREQ W D E T  UCL UNITS FREQ MAXDET UCL UNITS Reason for Delection 

Cesium- I37 

Neptunium-237 

Plutonium-238 

PlutoNum-239l240 

Radium-226 

Radium-228 

Ruthenium- I06 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-total 

Uranium-234 

Uranium-235 

Uranium-238 

Uranium-total 

I 15 

015 

015 

015 

015 

015 

I I5 

515 

515 

515 

515 

515 

515 

1.1 0.8 

ND 

ND 
ND 

ND 
ND 

15 9.7 

52 37.8 

3600 2796.8 

55 39.8 

1 I80 901.7 

151 108.0 

6980 4657.9 

99.6 

41 

7.69 

1.1 

131 

5460 

131 

1180 

830 

259 

16160 

48480 

ND 

ND 
ND 

86.7 

35.1 

ND 

4.7 

0.8 

433.3 

6659.0 

246.1 

22 16.3 

795.4 

179.1 

10441.2 

34973.8 

Retained 

A 

A 

A 

Retained 

Retained 

A 

Retained 

Retained 

Retaioed 

Retained 

Retained 

K 

Retained 

Retained * 

Retained 

Retained 



TABLE EJI-10 

PIT 2 MATERIAL ANALYSIS FOR RADIONUCLIDES 

CIS DATA Rim DATA 

PARAMETER FREQ MAX DET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS ReasonforDeletioa 

Cesium- I37 

Neptunium-237 

Plutonium-238 

Pluronium-239/240 

9 , Radium-226 

cK> Radium228 ;e 
‘3 Ruthenium-106 

Strontium-90 

p Technetium49 

00 Thorium-228 

Thorium-230 

Thorium-232 

F 
4 

Thorium-total 

Uranium-234 

Uranium-235 

Uranium-238 

2 1 5  

0 1 5  

2 1 5  

2 1 5  

0 1 5  

0 1 5  

0 1 5  

0 1 5  

3 1 5  

5 1 5  

5 1 5  

5 1 5  

5 1 5  

5 1 5  

5 1 5  

3.6 

0.1 

0.6 

618 

164 

3980 

88.0 

I a200 

8780 

17900 

2.5 

ND 

0. I 

0.4 

ND 

ND 

ND 

ND 

390 

121 

2990 

69.5 

I1500 

5520 

11900 

0.5 

95 1 

437 

4.1 

3.99 

1.64 

697 

18400 

268 

2780 

1651 

130 

1860 

0.7 

ND 
ND 

ND 

850 

382 

6.0 

4.4 

1.4 

912 

60300 

528 

3740 

5370 

426 

6064 

Retained 

A 

Retained 

Retained 

Retained 

Rehired 

Retained 

Retained 

Retained 

K 

Retained 

Retained 

Retained 



a 
TABLE E.11-11 

PIT 3 MATERIAL ANALYSIS FOR RADIONUCLIDES 

CIS DATA Rups DATA 

PARAMETER FREQ MAXDEI' UCL(959b) UNITS FREQ MAXDEI' UCL(959b) UNITS Reason for Deletion 

Cesium-137 

Neptunium-237 

C 2  Plutoni~~m-238 cx, 
A PlUlOniUm-239/240 

O3 Radium-226 

Radium-228 

Ru~henium-106 

S t rontium-90 

Technetium-99 
F 
00 Thorium-228 

Thorium-230 

~ Thoflum-232 

' Thorium-total 

Uranium-234 

00 

Uranium-235 

Uranium-235D36 

Uranium-238 

Uranium-total 

0 1 7  

3 1 7  

3 1 7  

3 1 7  

0 1 7  

1 1 7  

6 1 7  

7 1 7  

7 1 7  

7 1 7  

7 1 7  

7 1 7  

7 1 7  

2.1 

1 

14 

5.2 

1110 

40 

1,1680 

59 

475 

21 

1380 

ND 
1.1 

0.5 

6.0 

ND 

2.6 

52 I .2 

21.6 

8317.1 

30.7 

327.3 

16.6 

762.2 

0 1 6  

1 1 5  

2 1 5  

6 1 6  

6 1 6  

0 1 6  

4 1 6  

6 1 6  

3 1 5  

6 1 6  

3 1 5  

3 1 5  

4 1 4  

1 1 1  

4 1 4  

6 1 6  

6 1 6  

0.98 

1.59 

45 1 

241 

4.91 

33 

554 

11370 

396 

3570 

991 

51.8 

89.2 

1740 

5938 

ND 

0.7 

1.4 

306.4 

186.2 

ND 

2.8 

22.7 

525.9 

8574.5 

334.3 

3007.8 

11 12.0 

ERR 

82.8 

1294.8 

4553.6 

A 

Retained 

Retained 

Retained 

Retained 

Retained 

A 

Retained 

Retained 

Retained 

Retained 

Retained 

K 
Retained 

Retained 
- -.. . 

Retained . 

Retained 
A 

Lcgmd for this bbk in preatrd  on the fbrt p a b  of this appendix. 



TABLE E.n-12 

PIT 4 MATERIAL ANALYSES FOR RADIONUCLIDES 
~ ~~~~ 

CIS DATA RyPs DATA 

PARAMETER FREQ MAXDET UCL(95%) UNITS FREQ MAX DET UCL (95%) UNITS Reason for Deletion 

Cesium- 137 0 1 4  ND P W  0 1 6  

Neptunium-237 1 1 4  0.4 0.4 Pcvg 
3 ND PW3 A 

Retained . 

lb Plutonium-238 2 1 4  0.5 0.5 P w 3  Retained 

PlUlOnium-239/240 1 1 4  0.4 0.3 Pcvg Retained 

Radium-226 5 1 6  50.1 36.6 P W  Retained 

Radium-228 6 1 6  141 99.7 Pcvg Retained 

Ruthenium- 106 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-total 

Uranium-234 

Uranium-235 

Uranium-2351236 

Uranium-238 

Uranium-total 

0 1 4  

0 1 4  

4 1 4  

4 1 4  

4 1 4  

4 1 4  

4 1 4  

4 1 4  

ND 
ND 

225 196.6 

395 334.6 

566 619.6 

92 80.2 

2320 1993.3 

426 368.3 

15800 13409.2 pCVg 

0 1 6  

5 1 6  

5 1 6  

4 1 4  

6 1 6  

4 1 4  

4 1 4  

3 1 3  

1 1 1  

4 1 4  

4 1 4  

6 1 6  

144 

9.43 

2469 

1815 

838 

7565 

4100 

26.6 

934 

41900 

115500 

ND 
99.4 

6.6 

23 16.5 

1515.7 

708.0 

6391.7 

6064.6 

897.7 

44476.9 

94413.9 

A 

Retained 

Retained 

Retained 

Retained 

Retained 

K 

Retained 

Retained 

Retained 

Retained 

Retained 



TABLE E.11-13 

PIT 5 MATERIAL ANALYSIS FOR RADIONUCLIDES 

CIS DATA RI/FS DATA 

Cesium- 137 

Gross alpha 

Gross beta 

Neptunium-237 

Plutoni~m-238 

PlUlOniUm-239r240 

Radium-226 

Radium-228 

Ruthenium- 106 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-total 

Uranium-234 

Uranium-235 

Uranium-238 

Uranium-t otal 

2 1 6  

5 1 6  

S I 6  

S I 6  

0 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

6 J 6  

76 

19 

4.4 

13 

31 

2990 

44 

8480 

55 

1250 

79 

1230 

52.8 

15.1 

3.6 

9.7 

ND 

20.1 

2069.3 

42.9 

6813.5 

45. I 

928.5 

53.9 

902.8 

9 1 9  

9 1 9  

9 1 9  

2 1 2  

3 1 9  

5 1 9  

9 1 9  

8 1 9  

2 1 9  

8 1 9  

9 1 9  

9 1 9  

9 1 9  

7 1 9  

7 1 9  

9 1 9  

4 1 9  

9 1 9  

9 1 9  

78 

9400 

1020 

46 

0.3 

3.72 

150 

39 

1.6 

15 

3020 

38 

2600 

10 

92 

860 

39 

960 

3700 

40.2 

4409.9 

817.1 

80.5 

0.1 

1.2 

111.7 

26.7 

1.4 

6.8 

2020.4 

19.9 

900.1 

4.7 

43.4 

713.1 

24.6 

746.0 

2674.9 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

K 

Retained 

Retained 

Retained 



1 
TABLE E.11-14 

PIT 6 MATERIAL ANALYSIS FOR RADIONUCLIDES 

CIS DATA Rvps DATA 
~ _ _ ~ _ _  ~~~ 

PARAMETER FREQ W D E T  UCL(959b) UNITS FREQ MAXDEI' UCL(9596) UTWS Reason for Deletion 

Cesium- 137 

Gross alpha 

Gross beta 

Neptunium-237 

Plutonium-238 

PlUlOniUm-239l240 

Radium-226 

Radium-228 

Ruthenium- 106 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-234 

Uranium-235 

Uranium-238 

Uranium-total 

TRRCWOUI W C .  l229EU.14,9-21-93/1 :Upm 

31 

3.6 

1.4 

15 

5.1 

164 

1.2 

44 

1.2 

5330 

1750 

18700 

31.2 

3.4 

1.3 

14.3 

ND 

5.5 

166.8 

1.1 

47.6 

1.1 

5064.3 

1844.6 

20506.3 

8 1 8  

8 1 8  

8 1 8  

6 1 8  

8 1 8  

8 1 8  

8 1 8  

0 1 8  

6 1 8  

5 1 8  

8 1 8  

8 1 8  

8 1 8  

8 1 8  

8 1 8  

8 1 8  

8 1 8  

14 

14000 

23000 

1 

14 

4.9 

191 

4.8 

45 

1.7 

62 

1 

4064 

337 

28746 

27733 

I 

10.8 

11698.0 

18379.8 

0.8 

11.3 

4.4 

96.3 

ND 
3.7 

31.1 

1.5 

45.9 

0.7 

3123.9 

266.7 

20552.8 

19331.9 

Retained 

Retained 

Retained 

Retained 

Retained 

a 

Retained 

Retained 

Retained 

A 

Retained 

Retained 

Retained 

Retained 

Retained 

Retaiaed 

Retained 

Retained 

Retained 

Legend for thi tabk & prcmtrd on the first p a p  of lhia appendix. 

w a 



TABLE EJI-15 

BURN PIT MATERIAL ANALYSIS FOR RADIONUCLIDES 

CIS DATA Rups DATA 

PARAMETER FREQ MAXDET UCL(959b) UNITS PREQ MAXDEI' UCL(9596) UNITS Reason for Deletion 

Cesium-I37 

Neptunium-237 

Pl~t~ni~m-238 

PIutonium-239/r40 

Radium-226 

Radium-228 

- 

.:m 
' 0  
.. Ru~henium-106 

Strontium-90 

m Technetium-99 

5 Thorium-228 
h) 

Thorium-230 

0 1 6  

2 1 6  

1 1 6  

I 1 6  

0 1 6  

0 1 6  

4 1 6  

6 1 6  

6 1 6  

Thorium-232 6 1 6  

Thorium-told 

Uranium-234 6 1 6  

Uranium-235 6 1 6  

Uranium-238 6 1 6  

Uranium-total 

ND 
0.6 0.5 

0.5 0.3 

0.4 0.2 

ND 

ND 

64 52.3 

19 12.9 

218 126.5 

21 13.2 

415 252.5 

27 16.1 

454 298.6 

0 1 4  

0 1 4  

0 1 4  

4 1 4  

4 1 4  

0 1 4  

1 1 4  

4 1 4  

3 1 4  

4 1 4  

3 1 4  

3 1 4  

4 1 4  

4 1 4  

4 1 4  

4 1 4  

39.2 

10.4 

0.5 

3.29 

12.4 

4530 

14.4 

130 

171 1 

102 

1996 

4458 

ND 

ND 
ND 

34.2 

11.2 

ND 

0.5 

3.0 

378.3 

3808.7 

173.2 

1562.6 

1557.8 

101.4 

1796.5 

4033.1 

A 

Retained 

Retained 

Retained 

Retained 

Retained 

A 

Retained 

Retained 

Retained 

Retained 

Retained 

K 

Retained 
Retained-'-' . 

Retained 

Retained 1' . * & 



TABLE IE.11-16 

CLEARWELL MATERIAL ANALYSIS FOR RADIONUCLIDES 

Cesium-137 

Gross alpha 

CIS DATA R4FS DATA 

Gross beta 

Neptunium-237 

T3 PlutoNum-238 PI 
' q;pl Plutonium-239/240 

b ,i 

Radium-226 

Radium-228 

Ruthenium- 106 F 
P Strontium-90 
'ow 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-total 

Uranium-234 

Uranium-235 

Uranium-238 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ MAXDET Uct(9596) UNlTS Reason for D e l e t i a  

Retained e 
Retained g9 

Uranium-total 

450 405.7 

2.2 2.1 

ND 
ND 

ND 
26 22.3 

278 253.6 

56 54.9 

5600 4763.0 

39 36.9 

376 364.4 

49 48.3 

670 682.5 

6 1 6  

6 1 6  

6 1 6  

4 1 6  

5 1 6  

5 1 6  

6 1 6  

6 1 6  

0 1 6  

2 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

6 1 6  

71.41 

2050 

1830 

1.8 

0.49 

0.54 

170 

26.4 

12.8 

695 

28.1 

3 14 

9.69 

88.9 

1050 

373 

1640 

2780 

62.9 

1553.1 

1464.8 

1.7 

0.4 

0.4 

117.6 

24.1 

m 
7.2 

523.0 

26.8 

232.8 

7.7 

70.5 

797.0 

348.6 

1356.6 

2092.8 

Retained 

Retained 

Retained 

Retained 

Retained 

Retained 

A 

Retained 

Retained 

Retained 

Retained 

Retained 

K 
Retained 

Retained 

Retained 

Retained 



TABLE E.11-17 

SURFACE SOIL - ANALYSIS FOR RADIONUCLIDES 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ MAXDm UCL(9596) UNITS Reason for Deletion 

CIS DATA Rups DATA 

Cesium-I 37 

Neptunium-237 

Plu~oni~~n-238 

PIUlOniwn-239/240 

C 3  - Radium-226 “a> 
C s 1  Radium-228 
Iv 

Ruthenium- 106 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-234 

Uranium-235 

Uranium-238 

Uranium-total 

31 160 

1 / 6 0  

I 1  160 

10 I60 

0 1 6 0  

3 / 6 0  

18 160 

50 I60 

59 I 6 0  

48/60 

60 / 60 

60 / 60 

60 / 60 

7R-FuvoUl  W C .  1229@~.17A-21-93/1:47pm 

6 

0.5 

4.1 

0.8 

I .7 

93 

48 

972 

38 

298 

51 

1500 

1 .o 
0. I 

0.4 

0.1 

ND 

0.4 

8.7 

5.5 

74.9 

4.3 

60. I 

6.8 

244.7 

I .2 

1.8 

0.6 

0.9 

2.2 

6.1 

1.3 

5.3 

0.8 

16.1 

62 

ND PCUB Retained 

ND P W B  Retained 

Retained 

ND P W  Retained 

1 .o PcUg Retained 

1.2 P W  Retained 

ND P W  

ND PCUB A 

PCdg Retained 0.4 

0.6 P W  Retained 

1.6 P W B  Retained 

3.9 P W  Retained 

1.1 P W B  Retained 

P W  Retained 4.2 

P W  Retained 0.5 

11.5 P W  Retained 

52.2 m a g  Retained 

I I d  

1 

ob 
-2 

* 
L c g d  for chi# hbk I# prntcd on the fud page of thin mppendix. 



TABLE IE.11-18 

SURFACE SOIL - ANALYSIS FOR CHEMICALS 

CIS DATA Rvps DATA 

Reason for Deletion 
I PARAMETER FREQ MAXDET UCL(95Q) UNlTS FREQ MAXDET UCL(9596) UNlTS 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 
Cyanide 

Iron 

b a d  

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silver 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

16/16 

4/16 

16/16 

16/16 

16/16 

16/16 

1/16 

15/16 

16/16 

16/16 

2/16 

16/16 

11700 

32.5 

6.4 

92.3 

1 

7.7 

155000 

18.8 

17 

20. I 
0.7 1 

23800 

34.3 

39000 
759 

0.11 

5.7 

50.2 

1210 

0.62 

10.3 

6955.2 

27.2 

4.9 

56.9 

0.8 

5.8 

117458.1 

14.3 

10.4 

17.0 

0.3 

15511.5 

15.9 

26294.6 

574.1 

0.1 

4.3 

29.4 

919.7 

0.3 

8.9 

H 
Retained 

Retaioed 

Retained 

Retained 

Retained 

C 

Retained 

Retained 

Retained 

D 

C 
Retained 

C 

Retained 

D 

Retained 

Retained 



TABLE E.11-18 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL(9596) UNlTS FREQ MAXDET UCL(9596) UNITS Reason for Deletion 

Sodium 

Thallium 

Vanadium 

0 Zinc cc) 
(27 4,4'-DDD 
Q 

4,4'-DDE 

4,4'-DDT 

Aldrin 

Alpha-BHC 

m Alpha-chlordane 

\o Aroclor-1016 

Aroclor- 122 I 

Aroclor- I232 

Aroclor- I242 

Aroclor- I248 

Aroclor- I254 

Aroclor- I260 

Beta-BHC 

F 
o\ 

Delta-BHC 

Dieldrin 

Endosulfan I1 

14/16 

1/16 

16/16 

16/16 

0116 

1/16 

0116 

0116 

0116 

0116 

0/16 

0116 

0116 

0116 

0116 

3/16 

1/16 

0116 

0116 

1/16 

1/16 

185 136.1 

0.68 0.3 

26.9 19.6 

79.9 46.7 

ND 

18 10.9 

ND 

ND 

ND 

ND 
ND 

ND 
ND 

ND 

ND 

1400 310.0 

200 112.1 

ND 

ND 

18 10.9 

18 10.9 

C 

D 

Retained 

Retained 

A 

D 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Retained 

D 

A 

A 



TABLE EM-18 
(Continued) 

... . 

* > I  CIS DATA RlJFS DATA 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ MAXDET UCL(95%) UNITS Reason for Deletion 

Endosulfan sulfate 

Endosulfan-I 

Endrin 

Endrin ketone 

Gamma-BHC (Lindane) 

Gamma-chlordane 
3 

Heptachlor cn - 
0lr Heptachlor epoxide 

Methoxychlor 

Toxaphene 
U 
\b 
4 

0/16 

OJ16 

0/16 

OJ16 

0/16 

0/16 

OJl6 

0116 

0116 

OJ16 

A 

: A 

A 
t 

A 

A 

A 

A 

A 

A 

A 

I 

a 



TABLE E.II-19 

PIT 5 SURFACE WATER - ANALYSIS FOR RADIONUCLIDES 

CIS DATA RWS DATA 

PARAMETER FREQ MAX DE" UCL(958) UNITS FREQ MAXDET UCL(95%) UNITS ReasonforDeletion 

Cesium- 137 212 90 193.6 

Neptunium-237 012 

Plutonium-238 012 

i;r, Pluronium-239/240 012 

012 

Q 

:.n 
cn Ruthenium-1 06 

S trontium-90 

Technetium-99 

Thorium-228 

ThonUm-230 

Tho~iUm-232 

Uranium-234 

Uranium-235 

Uranium-238 

212 41 59.6 

212 320 532.6 

0/2 

212 0.1 0.1 

012 

2rz 420 415 

2/2 19 18.5 

212 400 385 

p c a  

p c a  

pca 
p c a  

p c a  

p c a  

p c a  

p c a  

pca 
p c a  

pca 
pCi/L 

p c a  

Retained 

A 

A 

A 

A 

Retained 

Retained 

A 

Retained 

A 

Retained 

Retained 

Retained 

B 



TABLE E.11-20 

PIT 5 SURFACE WATER - ANALYSIS FOR CHEMICALS 

CIS DATA Rups DATA 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ MAXDET UCL(959b) UNITS Reason for Deletion 

Cyanide 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 
Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

87 

4.5 

2.1 

I08 

184000 

21 

2.9 

387000 

2.3 

21 

92000 

2. I 

I32oooO 

140.1 

ND 
6.1 

118.6 

ND 
ND 

199942.0 

ND 

ND 
23.7 

ND 

6.6 

389657.0 

5.4 

ND 

26.3 

208908.0 

5.4 

ND 
1771690.0 

IR-FEWDU I W C .  I229En3Oi9-2 I -9yl :%pm 

Retained 

Retained 

Retained 

A 

A 

C 

A 

A 

Retained 

A 

Retained 

C 

D 

A 

Retained 

C 

Retained 

A 

C 



TABLE E.II.20 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS Reason for Deletion 

Thallium 

Vanadium 

c3 zinc cc, cn 4,4-DDD 

4,4-DDE 
'co ' 

4,4-DDT 

Aldrin 

Alpha-BHC 

Aroclor 1016 

5" hoc!or 1221 

Aroclor 1232 

Aroclor 1242 

. . Aroclor 1248 

c!?.: Aroclor 1254 

Aroclor 1260 

Beta-BHC 

Chlordane 

P 

.... * 

:.!I - _  *-. 

.!.. .. . .  

Delta-BHC 

Dieldrin 

Endosulran I 

Endosulfan 11 

ND 

47 49.7 

I I4 167.1 

ND 
ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 

T R c W o U l  w c .  1229E0.20/9.2 1-9311 58pm 

A 

Retained 

Retained 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Lqmd for this hbb L prmbcd on the fird p a p  of thh appendix. 

.... 



TABLE E.II.20 
(Continued) 

Endosulfan sulfate 

Endrin 

Endrin ketone 

Gamma-BHC (lindane) 

Heptachlor 

Heptachlor epoxide 

Methoxychlor 

Toxaphene 

1,2,4-Trichlorobenzene 

1,2-Dichlombenzene 

I ,3-Dichlorobcnzene 

I .4-Dichlombenzenc 

2,4,5 -Trichlorophe no1 

2,4,6-TrichlorophenoI 

2P-Dichlorophenol 

2P-dimethyl phenol 

2P-Dinitrophenol 

2P-Dinitrotoluene 

26-Dinitrotoluene 

2-Chloronaphhalene 

2-Chlorophenol 

f 

ND 

ND 

ND 
ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 
ND 

ND 
ND 

ND 

CIS DATA RIPS DATA 

b PARAMETER FREQ MAXDET UCL(95%) UNITS FREQ MAXDET UCL(95sb) UNITS Reason for Deletion 

U g n  A 

ug/L A 
5s 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

I 



TABLE E.II.20 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS Reason for Deletion 

2-Methylnaphthalene 

2-Methylphenol 

2-Nitroaniline 

2-Nitrophenol 

3,3-Dichlombenzidine 

3-Nitroaniline 

4,6-Dinitro-2-methylphenol 

4-Bromophenyl phenyl 
ether 

4-Chloro-3-merhylphenol 

4-Chloroaniline 

4-Chlorophenol phenyl 
ether 

4-Methylphenol 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo( b)fluoranlhene 

TR-FWOUI w c .  1229En.2019-2 I-93/1:sspm 

OD 

OD 
OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

On 
On 

ND 

ND 
ND 

ND 
ND 

ND 

ND 
ND 

ND 
ND 

ND 

ND 
ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A A B' '1 



TABLE E.II.20 
(Continued) 

CIS DATA RUFS DATA 

FREQ .MAXDET UCL(959b) UMTS FREQ W D E T  UCL(9596) UNITS Reason for. Deletion PARAMETER 

Benzo(g,h,i)petylene 

Benzo(k)fluoranthene 

Benzyl alcohol 

B is( 2-chloroet hoxy)melhan 
e 

Bis(2-chloroethyl)clher 

Bis(2-~hloroisopropyI)e,ther 

Bis(2elhylhexyl)phthalate 

Butyl benzyl phthalate 

Chrysene 

Di-n-butylphlhalate 

Di-n-octylphthalate 

Dibenzo(a.h)anthracene 

Dibenzofuran 

Diethyl phthalate 

Dimethyl phthalate 

Fluoranlhene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

He xachl orocy cl opent adiene 

Hexachloroethane 

Of2 

On 
OD 

OD 

OD 

OD 

OD 

012 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

on 
OD 

OD 

ND 
ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 
ND 

ND 
ND 

ND 
ND 

ND 

ND 
ND 

ND 
ND 
ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

L c g d  for chb hbk b prembcd on chs fltd p a p  of chin mpprndlr. 

a 



TABLE E.II.20 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL(95%) UNITS FREQ W D E T  UCL(9596) UNITS Reason for Deletion 

Indene( I ,2.3-cd)pyrene 

Isophorone 

N-nitroso-di-n-propyl amine 

N-ni trosodipheny lam ine 

Naphthalene 

Nitrobenzene 

Pentachlorophenol 

Phenanthrene 

Phenol 

brene 

I ,  I ,  I -Trichloroethane 

I ,  I ,2,2-Te~ri1chIoroeIhm 

I ,  I ,2-Trichloroethane 

I ,  I -DichloroeIhane 

I ,  I -Dichlomhcne 

I ,2-Dichlomthane 

I ,2-Dichloropropane 

I ,3-Dichloropropene 

2-Chloroethyl vinyl ether 

2-Hexanone 

4-Methyl-2-penianone 

0 0  

On 
On 

012 

012 

OD 

On 
OD 

012 

012 

On 

On 

OD 

012 

012 

012 

012 

on 
012 

O n  
012 

TR-FERKNJI W C .  1229Eill.2OB-2 I -93/l :S8pm 

ND 

ND 

ND 

ND 
ND 
ND 

ND 
ND 

ND 

ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 

ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

* 
4 

A !H B b  
f! 



TABLE E.II.20 
(Continued) 

CIS DATA RWS DATA 

PARAMETER FREQ MAXDET UCL(959b) UNITS FREQ MAXDBT UCL(959b) UNITS Reason for Deletion 

Acetone 

Benzene 

Bromodichloromelhane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon teinchloride 

Chlorobenzene 

Chloroet hane 

Chloroform 

Chloromethane 

Dibromochloromeihane 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

Total xylenes 

Trans- I ,2-dichloroethene 

Trichloroethene 

Vinyl acetate 

ND 

11 33.6 

ND 
ND 
ND 
ND 
ND 

ND 

ND 

ND 

ND 
ND 

ND 

2 4.1 

ND 

ND 

1 6.5 

ND 
ND 
ND 

ND 

A 

Retaiaed 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

D 

A 

A 

A 

A 

TR-FER/OUl Rl/VC. 1229EII.ZOP-2 1-93/1 :SApm 

a 



TABLE E.II.20 
(Continued) 

RWS DATA CIS DATA 

PARAMETER FREQ MAXDET UCL(9596) UNITS FREQ W D E T  UCL(955) UNITS Reason for Deletion 

Vinyl chloride 

..- .. 
c.3 
a\ 
is, 
,A 

A 

*--.. , 



TABLE E.11-21 

PIT 6 SURFACE WATER - ANALYSIS FOR R d I O N I  CLIDES 

CIS DATA R V S  DATA 
~ 

PARAMETER FREQ MAXDET UCL(9556) UNITS FREQ MAXDET UCL(959b) UNITS Reason for Deletion 

Cesium-137 

Neptunium-237 

PIutoni&-238 

Pluton i um - 23 91240 

Radium-226 

Radium-228 

Ruhenium- 106 

Strontium-90 

A 

A 66 
4 

A 
A H 
A 

Retained 

A 

A 

Ret ai ned 

Retained 

A 

”;, 
cy, 
r) 
! ’ 1  

31.3 25.7 

M # Technelium-99 515 

5 Thorium-230 215 

Thorium-232 015 

Uranium-234 515 

Uranium-235 515 

CI 

3500 2747.4 

0.3 0.3 

77 85.2 

9.3 9.9 

460 498.5 

Retained 

Retained 

Retained ... ;. ~ 

i .  

Uranium-238 515 

I 

TR-FERIOUI Rl/VC. 1229Ell.I 2D-21-93/1:J3pm 

a 



TABLE E.11-22 

PIT 6 SURFACE WATER - ANALYSIS FOR CHEMICALS 

CIS DATA RVFs DATA 

PARAMETER FREQ MAX DET UCL (95%) UNITS FREQ MAXDET UCL(9596) UNITS ReasonforDeletion 

2.4- Di nit rophe no1 

2-nitromi ti ne 

3,3 '-Dichlorobenzidine 

3-Nitrolmiline 

4,6-Dinilro-2-mel hylphenol 

4-Nitroaniline 

4-Nitrophenol 

Benzoic acid 

B is( 2elhyhexyl)pht halate 

Di-n-octyl phthalate 

Pentachl omphenol 

Phosphoric acid, vibutyl est 

Cyanide 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

TR . m u  I RvDp. I 229uI. I u9-2 I -93n 3301 r*n 

014 

014 

014 

014 

014 

014 

OD 

O/z 

011 

01 I 

014 

2/2 

I 15 

415 

I I5 

015 

015 

015 

015 

515 

015 

36 

10 

492 

I .7 

111OOo 

ND 

ND 
ND 
ND 

ND 

ND 

ND 

ND 

ND 
ND 

ND 

70.5 

8.1 

543.2 

I .3 

ND 

ND 

N D '  
ND 

115799.3 

ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

D 

Retained 

C 

Retained 

A 

A ".__ 

A 

A 

C 

A 

L e d  for thb hbb b p.cntcd on the tbt p s v  n l  thin sp 



TABLE EM-22 
(Continued) 

RWS DATA CIS DATA 

PARAMETER FREQ MAX DET UCL (95%) UNITS FREQ MAXDFR UCL (95%) UNITS Reason forDeletioo 

Cobalt 

Copper 
Iron 

Lead 

3 Magnesium 

,n Manganese 

. Mercury 

.-a 

Nickel 

Potassium 

m Selenium Y 5 'Silver 

Sodium 

Thallium 

VafUdiUm 

zinc 1- 

4,4-DDD 

4,4-DDE 

4,4-DDT 

Aldrin 

Alpha-BHC 

015 

015 

1 I5 

1 15 

515 

015 

015 

015 

515 

015 

015 

515 

015 

015 

215 

015 

015 

015 

015 

015 

Aroclor 1016 014 

16 

2.9 

2430 

42000 

104OOO 

114 

ND 
ND 

12.7 

2.0 

1793.3 

ND 

ND 
ND 

4341 1.1 

ND 

ND 

104215.8 

ND 

ND 

72.8 

ND 

ND 

ND 

ND 

ND 

ND 

A 

A 

C 

Retained 

C 

A 

A 

A 

C 

A 

A 

C 

A 

A 

Retained 

A 

A 

A 

A 

A 

A 



TABLE EJI-22 
(Continued) 

CIS DATA RVFS DATA 

PARAMETER FREQ MAX DET UCL(9596) UNITS FREQ MAXDET UCL(9596) UNITS Reason forDeletion 

Aroclor 1221 

Aroclor 1232 

Aroclor 1242 

Aroclor 1248 
t3 
z;f., Aroclor 1254 

Aroclor 1260 co 
Beta-BHC 

Chlordane 

Delta-BHC 

. m Dieldrin 
!? 
w 
C, Endosulfan I 

Endosulfan I1 
0 

Endosulfan sulfate 

Endrin 

Endrin ketone 

Gamma-BHC (lindane) 

Heptachlor 

Heptachlor epoxide 

Methoxychlor 

Toxaphene 

I ,2.4-Trichlorobenzene 

014 

014 

014 

014 

014 

014 

015 

014 

01s 

015 

015 

015 

015 

015 

014 

015 

015 

01s 

014 

014 

014 

ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

...- 



TABLE E.11-22 
(Continued) 

CIS DATA RI/FS DATA 

PARAMETER FREQ MAX DET UCL(95Z) UNITS FREQ MAXDET UCL(95Z) UNITS Reason forDeletion 

1,2-Dichlorobenzene 

I ,3-Dichlorobenzene 

I ,4-Dichlorobenzene 

2,4,5-TrichlorophenoI 

2.4,6-TrichlorophenoI 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

2,4-Dinitrotoluene 

26-Dinitrotoluene 

2-Chloronaphthalene 

2-Chlorophenol 

2-Merhylnaphthdene 

2-Methylphenol 

2-Nilrophenol 

4,6-Dini1ro-2-methylphenol 

4-Bromophenyl phenyl ether 

4-Chloro-3-methylphenol 

4-Chloroaniline 

4-Chlorophenol phenyl ether 

4-Methylphenol 

Acenaphthene 

ND 

ND 

ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 

ND 
ND 

ND 
ND 

ND 

ND 

ND 

ND 
ND 
ND 

ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 



TABLE E.11-22 
(Continued) 

CIS DATA R I P S  DATA 

PARAMETER FREQ MAX D I T  UCL (95%) UNITS FREQ MAXDET UCL(95%) UNITS Reason forDeletion 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h.i)perylene 

Benzo(k)fluoranthene 

Benzyl alcohol 

Bis( 2-chloroeihoxy)methane 

Bis(2-chloroethyl)ether 

Bis(2-chloroisopropyl)ethcr 

B is( 2-erhylhexyl)phthalate 

Buiyl benzyl phthalate 

Chrysene 

Di-n-butylphthalate 

D i - n-octy I pht hid ate 

. pibenzo(a,h)anthracene - 
Dibenzofuran 

Diethyl phthalate 

Dimethyl phthalate 

R u o r a n h n e  

ND 

ND 
ND 

ND 
ND 

ND 
ND 
ND 

ND 

ND 
ND 
ND 

ND 
ND 

ND 
ND 

ND 

ND 
ND 
ND 
ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A I 
1 

A 

A 

L c ~ d  for thii hbk is pr---mfrd on the fird  pi^ of thii i p  



TABLE E.11-22 
(Continued) 

CIS DATA 

PARAMETER 
_ _ _ _ ~  

FREQ MAX DET UCL(95%) UMTS FREQ MAX DET UCL (95%) UNITS Reason fotDeletion 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopent adiene 

Hexachloroethane 

2 . Indene( I ,2,3-cd)pyrene 

...A Isophorone 

N-nitroso-di-n-propylamine 

N-nitrosodiphenylamine 

Naphthalene 

Nitrobenzene 

Phenanthrene 

Phenol 

F * 
w 

I ,  I ,  I -Trichloroethane 

I ,  I ,2,2-Tetrachloroelhane 

I ,  I ,2-Trichloroethane 

I ,  I -Dichloroethane 

I ,  I -Dichloroelhenc 

I ,2-Dichloroethane 

I .2-Dichloropropane 

014 

014 

014 

014 

014 

014 

014 

014 

014 

014 

014 

014 

014 

014 

015 

015 

015 

015 

015 

014 

015 

ND 
ND 

ND 

ND 
ND 
ND 
ND 

ND 

ND 

ND 
ND 

ND 
ND 

ND 
ND 

ND 

ND 
ND 
ND 
ND 

ND 
I 

A 

A 

A b 
@ 
@ 

A a 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 



TABLE E.11-22 
(Continued) 

RIFS DATA CIS DATA 

PARAMETER FREQ MAX DEX UCL(95%) UNITS FREQ MAX DET UCL(9596) UNITS Reason forDeletion 

I ,3-Dichlompropene 

2-Chloroethyl vinyl ether 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromelhane 

Bromo form 

Bromomelhane 

Carbon disulfide 

Cahon tetrachloride 

Chlorobenzene 

Chloroethane 

Chl6oform 

Chloromethane 

Di bromochloromethm 

Ethylbenzene 

Methylene chloride 

, .' 

styrene 

Tetrachloroethene 

Toluene 

ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 

ND 
ND 
ND 

ND 

ND 

3 2.7 

ND 

ND 

ND 

ND 

ND 

2 2.2 

6 4.5 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

1 

W 

L c g d  for th'u tabk u panted on chc f ire  p m ~  of thia mppndix. 



TABLE E.11-22 
(Continued) 

CIS DATA RIPS DATA 

PARAMETER FREQ MAX DET UCL(9595) UNITS FREQ MAXDET UCL(959b) UNITS ReasonforDeletion 

ND UglL 

ND ug/L 

ND ug/L 

ND U s n  

ND Ugn. 

Total xylene 015 

Trans- I ,2-dichloroethene 015 

Trichloroethene 015 

Vinyl acetate 015 

Vinyl chloride 015 

A 
* 

A 



TABLE E.11-23 

CLEARWELL SURFACE WATER - ANALYSIS FOR RADIONUCLIDES 

CIS DATA RI/FS DATA 
~ ~ ~- 

PARAMETER FREQ MAX DET UCL(959b) UNITS FREQ MAXDET UCL(959b) UNITS ReasonforDeletioa 

Cesium-137 

Plulonium-238 

PlutoNum-239/240 

Radium-226 

Radium-228 

Ruthenium- 106 
h,i 
-4 S~rontium-90 
&s 

Technetium-99 

Thorium-230 - Thorium-232 

Uranium-234 

., Uranium-235 

P 
c, 
Q\ 

-7 - 
.p 

. I  .? r 
- Uranium-238 

0/2 

0/2 

0/2 

2/2 1.1  0.0 

OD 

On 

OD 

2n 4030 9476.9 

ID 0.4 I .2 

OD 

2P 1900 2165.7 

2/2 120 146.6 

2P  6200 8325.6 

p c f i  

p c f i  

pC& 

pC& 

pC& 

p c f i  

p c a  

pC& 

pC& 

pC& 

p c f i  

p c m  

pci/L 
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A 

A 

A 

Retained 

A 

A 

A 

Retained 

Retained 

A 

Retained 

Retained 

Retained 



TABLE E.11-24 

CLEARWELL SURFACE WATER - ANAL1 SIS FOR CHEMICALS 

CIS DATA RI/FS DATA 

PARAMETER FREQ W D E T  UCL(95%) UNITS FREQ MAXDET UCL(9596) UNITS Reason for Deletion 

Cyanide 

Aluminum 

Antimony 

Arsenic 

Barium 

,,= Beryllium 
'- c=x, 
4 Cadmium 
;J 

Calcium 

Chromium 
F 

4 Copper 

W Cobalt 
c, 
c1 

Flron 

"Lead 

:- , Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

s:i 

-_ - .  

Selenium 

Silver 

Sodium 
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- 

87 

4.2 

112000 

19 

33 

155000 

20 

28000 

3 

14 

504000 

304.9 

ND 
ND 

6.6 

ND 

ND 
ND 

1808 16.3 

ND 

ND 

32.3 

54.3 

ND 
314951.4 

62.5 

ND 
ND 

6254 1 .O 

8.7 

22.0 

1141680.0 

Retained 

A 

A I& 
4 a Retained 

A 

A 

A 

C 
A 

A 

Retained 

C 

A 

C 

D 
A 

A 

C 

Retained 
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PARAMETER FREQ MAXDET UCL(959b) UNITS FREQ MAXDET UCL(95%) UMTS Reason for Deletion 

Thallium 

Vandurn 

Zinc 

4.4-DDD 

4,4-DDE 

4,4-DDT 

Aldrin 

Alpha-BHC 

Aroclor 1016 

Aroclor 1221 

Aroclor 1232 

Aroclor 1242 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

Beta-BHC 

Chlordane 

Del I a- BHC 

Dieldrin 

Endosulfan I 

Endosulfan I1 

Endosulfan sulfate 

012 

212 

212 

012 

012 

012 

OD 

OD 

OD 

OD 

012 

012 

012 

012 

012 

OD 

012 

OD 

012 

On 
012 

OD 
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ND 

513 1814.9 

47 153.3 

ND 

ND 

ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

A 

Retained 

Retained 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
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CIS DATA RI/FS DATA 

PARAMETER FREQ MAXDET UCL(95Z) UNITS FREQ MAXDET UCL(95%) UNITS Reason for Deletion 

Endrin 

Endrin ketone 

Gamma-BHC (lindane) 

Heptachlor 

Heptachlor epoxide 

Methoxychlor 

Toxaphene 

1,1, I -Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

I ,  I -Dichloroethane 

I ,  I -Dichloroethene 

I ,2-Dichloroethane 

I ,2-Dichloropropane 

I ,3-Dichloropropene 

2-Chloroethyl vinyl ether 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

OD 

OD 

OD 

OD 

OD 

OD 

OD 
OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

OD 

Of2 

OTZ 

1D 
OD 

OD 

OD 

ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 

m 
ND 

520 1768.8 

ND 
ND 

ND 

A f 
A 

A @ 
A 4 
A @a! 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 
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CIS DATA RIPS DATA 

Reason for Deletion PARAMETER FREQ W D E T  UCL(95Z) UNITS FREQ MAXDET UCL(9SZ) UNITS 

Bromomehane 

Carbon disulfide 

C h o n  tetrachloride 

Chlorobenzene 

Chloroerhane 

Chloroform 

Chloromethane 

Dibromochloromethiuie 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

Total xylene 

Tr‘ms- I ,2-dichloroethene 

Trichloroer hene 

Vinyl acetate 

Vinyl chloride 

ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
-. . 

A 
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FEMP-OlRI-Q-DRAPT 
October 12. 1993 

ATTACHMENT E m  

EXAMPLE CALCULATIONS OF INTAKES AND RISKS 
FOR OPERABLE UNIT 1 BASELINE RISK ASSESSMENT 

E.III.1 INTRODUCI'ION 
EPA's CERCLA methodology, which is set forth in recent guidance such as the Risk Assessment 
Guidance for Superfund Volume 1, Human Health Evaluation Manual (Part A) (EPA 1989a) and its 
supporting documents, uses a specific methodology to calculate human health effects. Exposures are 
first quantifkd using a set of equations and parameters that are unique to each exposure pathway. The 
exposure assessment process results in calculated daily intakes (expressed in mg/kgd) for hazardous 
chemical contaminants and radioactivity intakes (expressed in pCi) for radionuclide contaminants. 
The calculated intakes are multiplied then by an appropriate slope factor to calculate risk, or divided 
by a constituent's Rfd to yield a Hazard Index (Ha. The exposure-to-risk relationship represented by 
the slope factors cited in the Health Effects Summary Tables (HEAST) (1992b). are linear below risk 
levels of This assessment uses the linear relationship to calculate combined Incremental Lifetime 
Cancer Risks (ILCRS) up to 1 x lo-*. The relationship becomes exponential between cancer risk levels 
of lo-* and lo-', but remains essentially linear (to Within 10 percent) up to a risk value of 2 x lo-'. 
Since the methodology employed in this assessment yields calculated risks m excess of IO-* for OW, 
Risks above this risk range are calculated using the one-hit methodology presented in Section 8.2.1 of 
EPA guidance (EPA 1989a). 

This section presents examples of the calculations used to quantify the magnitude of exposure, risk, 
and toxic health effects expected to result from all reasonable exposure! pathways involving U-238 at 
the FEMP. This radionuclide is chosen for these examples because it is present in all media, and 
uranium contributes to both risk and toxic effects calculated for the operable unit. All parameters and 
equations are drawn Erom the FEW Risk Assessment Work Plan Addendum @OE 1992a) unless 

noted otherwise. Tables E.3-15 and E.3-16 in the Baseline Risk Assessment and Table E.III-1 of this 
attachment list the parameters used to evaluate the exposures examined in this assessment. 

For convenience, the equations used to quanhfy risk are grouped together according to exposure 
media. The exposure media considered are water, air, and soil. Exposures from sediment are included 
in the group detailing the soil exposure pathways. Section E.IIl.2 presents the methodology followed 
for exposures to air, Section E.III.3 describes the methodology followed for exposures to water, and 
Section E.III.4 relates the methodology followed for exposures to soil. 
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E.III.2 AIR EXPOSURES 1 

pathways. This hypothetical individual is the limiting receptor for air exposures from Operable Unit 1. 
2 (  

The on-gmpty resident RIVE is used to illustrate the calculation of risks associated with air 
3 

E.III.2.1 Inhalation 4 

Equations 7-5 and 7-6 from the Risk Assessment Work Plan Addendum @OE 1992a) are used to 5 

6 quanufy intake from the inhalation pathway: 

where 

c =  
CU = 
I R =  
E T =  
E F =  
E D =  
B W  = 
AT = 

intake from inhalation @Ci, rad) (mg/kg-d, chem) 
concentration in air (pCi/m3, rad) (mg/m3, chem) 
inhalation rate (m3/h) 
exposure time (Wd) 
expos= frequency (W) 
exposure duration (y) 
body weight (kg); and 
averaging time (d); for noncarcinogens, AT equals (ED) (365 dty); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d/y) 

(E.III-1) 
(Em-2) 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Intakes resulting from inhaling air containing 1 p0/m3 of U-238 have been selected forthe example 
calculation. The inhalation rate for an adult is 0.83 m3/h. The exposure duration is 70 years (ED = 70 
y/lifet.ime) and the exposure frequency is 350 days out of every year (EF = 350 d/y). The .exposure 
time is 5.7 h/d (ET = 5.7 h/d). Substituting these values into Equation E.III-1 yields: 

19 

20 

21 

22 

The exposure model used in this scenario responds linearly to changes in concentration. After 
rounding to three significant figures, each pCi/m3 of U-238 in air is calculated to result in an 
incremental lifetime intake of about 116,000 pCi of U-238 via respiration. 

(Ern-3) 23 

24 

25 

26 

n 

The ILCR to this receptor for this pathway from this radionuclide is: 28 
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where 1 

u238= ILCR from breathing air (r/lifetime) 

SF, = Slope factor for inhalation of constituent "i" (r/pCi) 
2 

3 

The relationship between air concentration and risk for this receptor, pathway, and radionuclide is 
determined by substituting the lifetime intake of U-238 calculated in Equation E.m-3 and the 
inhalation slope factor for U-238, 5.2 x lo4 r/pCi, for SF,, into Equation E.III4. This yields: 

ILCR, m8 = ( 5 2  x 
ILCR, u238 = 0.00603 r/lifetime 

r/pCi)(l15910 pCi/lifetime) (Em-5) 7 

8 

Because the exposure model used in this scenario responds linearly to changes in concentration, each 
additional pCi/m3 of U-238 in air is predicted to result in a calculated excess risk of 6 x lo". 

9 

10 

E.III.2.2 Innestion of Vegetables Contaminated by Aerial Deposition 
Eating vegetables contaminated by a d  deposition of contaminated dust can contribute to the total 
intake of contaminants by humans. Estimating the magnitude of this intake is a two step process. 
First the concentration m the vegetables is estimated. Then the lifetime intake is calculated. If 
measured values are not available (e.g. future exposures), this concentration is estimated using 
Equation 7-10 from the FEMP Risk Assessment Work Plan Addendum (DOE 1992a). The intake 
equation is: 

1 

11 

12 

13 

14 

15 

16 

17 

where 18 

concentration of the im contaminant Won vegetables and fruit @Ci/g, rad) 

effective depletion constant of i* contaminant in surface soils due to radioactive decay, 
chemical degradation, and leaching (I-') 
effective depletion constant of i* contaminant on the suface plants also known as the 
weathering removal rate (I-') 
radioactive or chemical decay constant of im contaminant @-') 
dry soil to wet plant partitioning coefficient of i* contaminant in feed and forage 
(-1) or food crops (n=2) (CiJC& 
Dry to wet weight conversion factor (0.428 for crops, Baes and Sharp, 1984; 1.0 for 
feed and forage) 
constituent's deposition rate @Ci/m2-h, rad) (mg/m2-h, chem) 
fraction of year plant is down wind (unitless) 

(mg/kg, chew 
19 

a0 

21 

22 

23 

26 
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26 

n 
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= fraction of airborne material retained on plant surface (unitless) - -  
rd 
t, 1 := growingseason@) 
b,, = duration soil is exposed to airborne emissions (h) 
4l = duration of period between hawest and consumption @) 
Y = agricultural yield @/m2, rad)(kg/m2, chem) 
P = effective dry surface soil density (g/m2, rad)(kg/m2, chem) 

The soil depletion coefficient is calculated by 

FEMP-OlFU4DFUFI' 
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(Em-7) 

where the leaching coefficient (ki) is calculated using the relationship (Baes and Sharp 1983): 

and 

hL, = Leachrate@-') 
V, 
Z = Depth of surface soil (15 cm) 
Q 

8 = Moisture fraction of surface soil (measured at 0.17) 

= Percolation rate (nominally 0.0044 cm/h through Pits land 2)  

= Density of soil in root zone (nominally 1.5 g/cm3> 
= water to soil partitioning coefficient (cm3/g) 

When measured air concentration data are available, the aerial deposition rate of a constituent per unit 
area (4) is estimated by multiplying the concentration in air by the mean deposition velocity (V m/h): 

Vegetables grown in air containing particles of U-238 have been selected for the example calculation. 
Assuming that the mean deposition velocity for dust in the study area (V) is about 0.0018 m/s (EPA 
1991e). the aerial deposition rate of U-238 (4) per unit area calculated by Equation E.III-9 is 
pCi/m*/h. Assuming the vegetables are centered in the study area, they will always be downwind, so 

(fd) is amity (1). The duration of time which the vegetable plot is exposed to aerial deposition during 
the study period (b,,) is 10oO years (8.76 x lo6 h). The fraction of airborne material retained on the 
plant surface (rd) is 0.25. The weathering removal rate (&) is 0.0021 K'. The dry soil to dry plant 
partitioning coefficient of U-238 in the reproductive portions of vegetables (Bw,) is 4 x 
plant mass to wet plant mass ratio is 0.428 (mJ. The effective dry surface density of the soil ( p )  is 
225,OOO g/m2. The agricultural yield is 1500 g/m2 (Y), and the growing season (1,) is 1440 hours. 
The period between harvest and consumption (t,,) is 24 hours. The radiological decay constant of U- 

The dry 

P B V O U l R U 1 ~ 1 P 9 A B m P 9 - P ~ ~ l ~  E.IlI-4 [I Fi.9 0 
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238 (k) is 1.77 x h'. This value is so small that the exp(-h, t,,) term approaches unity (1) (i.e. 

12 cm3/g from Appendix D. The effective depletion constant (&) is calculated from Equation E.III-7 
to be 1.61 x 10". Substituting these parameter values into Equation E.m-5 and simplifying yields: 

1 B no signifcant decay). A value of 1.61 x is calculated for using Equation Em-8 and a & of 2 

3 

4 

O.Z)(1 -e -to.o@21 h -'x1440w ) + (1)(0.004)(0.483)(1 -e -((1.61d0**-1x8160000h) 

(15OOg/m *)(0.0021 h -') 
Cay; =(6.48pCi/m '/h) 

(225000g/m2)(1.61x10 -'h -') 

(Em-lo) 5 

6 

7 

Once the constituent's concentration in the vegetables and fruit is estimated, the resulting intake by 
humans can be estimated using Equations 7-15 and 7-16 of the FEMP Risk Assessment Work Plan 
Addendum (DOE 1992a): 10 

8 

9 

b where 

%vi = 
Cavi - - 
I R =  
F I =  
E F =  
E D =  
BW = 
AT = 

intake from vegetation s i ,  rad) (mg/kgd, chem) 
total concentration of contaminants in vegetable @Ci/g, rad) (mg/kg, chem) 
ingestion rate (g/d, rad) (kg, chem) 
fraction ingested from contaminated source (unitless) 

exposure duration (y) 
body weight @g); and 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d/y). 

exposure frequency (W) 

14 

1s 

16 

17 

18 I., 

19 

20 

21 

22 

Continuing the example begun in Equation Em-10, ingestion of vegetables and fruit containing a U- 
238 concentration of C,vi of 0.0492 pCQg of for a 70-year lifetime has been selected to illustrate the 
methodology used to calculate human intake of constituents from plants. The exposure frequency is 
350 days per year (EF = 350 d&). The consumption rate of fruit and vegetables grown in the study 
area is 122 grams per day (Fl x IR = 122 g/d). The exposure duration (ED) is 70 yflifetime. The 
lifetime intake of U-238 from this food supply is given by Equation E.III-11. Using the presented 
parameter values, this becomes: 29 

23 

24 

2 3  

26 

n 
2% 

Jv ~8 = (0.492 pCi/g)(122 g/d)(35Od/y)(70 y/lifetime) (E.III-13) rn 
31 

, . . ,  
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Because the exposure models used in this scenario respond linearly to changes in concentration, they 
estimate that each additional pCi/xn3 of U-238 in air will produce an incremental lifetime intake of 
about 1,470,588 pCi U-238 via this pathway. 

The ILCR to this receptor for this pathway from this radionuclide is: 

m v  U238 = SF,,, i kv U238 (E.III-14) 

where 

-, u238 

SFing i 

= ILCR from ingestion of vegetables contaminated by aerial deposition 
(r/lifetime) 

= Slope factor for ingestion of constituent "in (rtpci) 

The h e a r  relationship between air concentration and risk for this receptor, pathway, and radionuclide 
is determined by substituting the lifetime intake from fruit and vegetable consumption calculation in 
Equation 13 and the ingestion of slope factor for U-238  SF^^ U238 = 2.8 x IO-'' rtpci), for Equation 
E.III-14. This yields: 

ILCR, u238 = (2.8 x lo-'' rlpci)(1,470,588 pCi//lifetime) (E.lII-15) 
-v U238 = 4.1 x 10" r/lifetime. 

Because the exposure model used in this scenario responds linearly to changes in concentration, each 
additional pCi/m3 of U-238 in air is predicted to result in a calculated excess risk of 4 x lo-'. 

E.III.2.3 Innestion of Meat or Milk Downwind of Source 
Forage, feed, and soils downwind of a potential source of contaminated dust can have contamination 
deposited on them by settling dust. Ingestion of these plants by livestock contributes to the body 
burden of these contaminants in livestock. Consumption of meat or milk from these animals 
conmbutes to the total intake of these contaminants by humans. 

The magnitude of the contaminant exposure by humans depends, in part, on the concentration of the 
constituent m the animal products. If measured values are not available (e.g. future exposures), this 
concentration can be calculated using the methodology set. forth in the FEMP Risk Assessment Work 
Plan Addendum (DOE 199%). The concentration of a contaminant in animal products, such as beef 
or milk, is estimated using the following equation: 

(ED-16) 
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. .  
where 1 

D CAi concentration of i" contaminant in the animal product @ ~ i / m ~  for milk, Ki/g  for 
beef, rad) (mg/L for milk, mg/g for beef, chem) 
concentration of i* con taminant in feed W g ,  rad) ( m a g ,  chem) 
concentration of i* con taminant in forage @Ci/g, rad) (mg/kg, chem) 
concentration of i* contaminant in soil @Ci/g, rad) ( m a g ,  chem) 
elemental transfer coefficient that relates the daily intake by an animal to the concen- 
tration of i* con taminant in an edible portion of the animal product (d/L for milk, d/g 
for meat) 
consumption rate of contaminated feed by livestock (g/d, rad) (kg/d, chem) 
consumption rate of contaminated forage by livestock (g/d, rad) (kg/d, chem) 
consumption rate of contaminated soil by livestock (g/d, rad) (kg/d, chem) 
radioactive or chemical decay constant of i* contaminant (h-') 
duration of period between harvest and consumption @) 

Estimating the magnitude of this intake is a two step process. First, the concentration in the soil, feed, 
and forage is estimated If measured values are not available (e.g. future exposures), this concentration 
is estimated. The amount attributable to dust deposition is calculated using Equation E.m-6. In the 
second step, the concentrations in animal products (meat and milk) are calculated. 

Uptake of contaminants by feed and forage grown downwind of air emissions containing 1 pCi/m3 
have been selected as an example calculation for this pathway. Assuming that the mean deposition 
velocity for dust in the study area or) is about 0.0018 m/s (EPA 1991). the aerial deposition rate of U- 
238 (4) per unit area calculated by Equation E.III-9 is 6.48 pCi/m2/h. Assuming the plants are 
centered in the study area, they will always be downwind, so (fd) is unity (1). The duration of time in 
which the plants and surrounding soil are exposed to aerial deposition duxing the study period is 1,OOO 
years (tM = 8,760,000 h). The fraction of airborne material retained on the plant surface (rd) is 0.25. 
The weathering removal rate (L) is 0.0021 h-'. The dry soil to dry plant partitioning coefficient of U- 
238 in the feed and forage (Biv(')) is 8.5 x The dry plant mass to wet plant mass ratio for this 
case is 1 .O. The effective dry surface density of the soil ( p) is 225,000 g/m2. The agricultural yield 
(Y) is 800 g/m2, and the growing season (t,) is 3312 hours for feed and 720 hours for forage. The 
period between hamest and consumption (h) is 6160 hours for feed and 0 hours for forage. The 
radiological decay constant of U-238 (L) is 1.77 x 
exp(-h,,. r,,) term approaches a value of 1 (Le. no significant decay) for both the forage and the feed 

calculations. A value of 1.61 x lo-' is calculated for hd (R38 using a K,, of 12 m3/g obtained from 

Appendix D. Chemical degradation does not apply and is set equal to zero (0). Substituting the 
parameter values for forage into Equation E.m-6 and simplQing yields: 

B 

h-'. This value is so small that the 
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(0.25)(1 -e -(o-mlh-'mh)) + (1)(0.0085)(1)(1 -e -(o.oooo161h-1K8760000h) 
(800g/m 2)(0.0021 h -I) (225000g/m 2)(0.0000161 h - I )  

Covi =(6.48pCiim 2/h) 

@.Ill-17) 1 

2 

Substituting the parameter values for feed into Equation E.ID-6 and simphfymg yields: 3 

@.Ill-18) 4 

Cows also consume soil while grazing. Concentrations in the soil attributable to aerial deposition can 6 

7 be calculated by multiplying the aerial deposition rate by the second term in parentheses in Equation 

teim is removed leaving: 9 

E.III-6. Since the medium of interest is the soil itself, and not a plant growing in the soil, the BkO) 

@.Ill-19) 

Substituting previouslydescribed variables in Section E.III.3 into this equation produces an estimated 
soil concentration of: 1 1  

10 

@.Ill-20) 

Once the concentrations in feed, forage, and soil have been estimated, concentrations in the animal 
products can be calculated using Equation E.Ill-16. Continuing the example begun in Equation E.III- 

13 

14 

1s 

16 

17 

17, the concentrations of U-238 in feed, forage, and soil attributable to dust deposition are about 0.979 
pCi/g, 0.767 pCi/g, and 1.78 pCi/g, respectively. In this study, a cow is assumed to consume 25,000 
g/d of stored feed (Q), 25,000 g/d of forage (QJ, and 500 g/d of soil (Q). '&e food-to-beef 

l8 4 biotransfer factor (F, m8) is 2.0 x d/s and the food-to-millr biotransfer factor ( F ~  u238) is 6.0 x 
d/ml. The period between harvest and consumption (6) is 480 hours for beef and is 24 hours for 19 

2 . 5  ' 
I ,  

~ U 1 ~ ~ 1 2 ! ! 4 ~ - 2 3 9 3 ~ 4 2 p  E.III-8 
0894 



milk. The radiological decay constant of U-238 & is 1.77 x lo-'' y-'. This value is so small that the 
exp(-k~ th) tern approaches a value of 1 (i.e. no significant decay) for both the beef and milk 

calculations. Substituting the presented parameter values for beef into Equation E.Ill-16 yields a meat 
comxntration (c, = cmm8) of: 

1 

2 

3 

4 

B 

C, = (2.0 x lo7 d/g)[(O.979 pci/g)(25ooO gld) + (0.761 pCi/g)(25ooo gld) + (1.78 pCiigXWW, gld)] 5 

@.Ill-2 1 ) 6 

c, U238= 0.00891 S i / g  7 

Using the presented parameter values for milk yields a U-238 concentration in milk (C, = C,, m g )  of: 8 

Once the constituent's concentration in the animal product is estimated, the resulting intake by humans 
can be estimated using Equations 7-17 and 7-18 of the FEMP Risk Assessment Work Plan Addendum 
(DOE 1992a): 

where 

- I, - 
c, - - 

I R =  
F I =  
E F =  
E D =  
BW = 
AT = 

intake of i* constituent from animal product s i ,  rad) (mg/kgd, chem) 
concentration of i* contaminant in animal product @Ci/g beef or pCi/mL, rad) (mg/kg 
beef or mg/L milk, chem) 
ingestion rate (g beef/d or mL milk/d, rad) (kg beef/d or L milk/d, chem) 
fraction ingested from contaminated source (unitless) 
exposure frequency (d/y) 
exposure duration (y) 
body weight (kg) 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d&); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d&) 

The calculated concentration of U-238 in beef and milk in the example scenario is about 0.00891 
pCi/g and 0.0267 pCi/mL, respectively. The exposure frequency is 350 days per year (EF = 350 d&). 
The fraction ingested from the contaminated source (n x IR) is 75 g/d for beef and 300 mL/d for 
milk. The exposure duration (ED) is 70 years in days. After substituting the appropriate parameter 
values for beef ingestion into Equation E.Ill-34 the lifetime intake of U-238 from eating beef (I, = 
L-) is estimated as: 
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@.ID-25) 1 

I,= = 16,372 pCi/lifetime 

After substituting the appropriate parameter values for milk ingestion into Equation E.III-23, the 
lifetime intake of U-238 from consuming dahy products (IAi = LmS) is calculated as: 

3 

4 

U238 = (0.0267 pCi/mL)(300 mL/d)(350 dly)(70 y/lifetime) (€.ID-26) 
I d U 2 3 8 =  1%,245 pCi/lifetime 

5 

6 

The total intake from ingesting meat and daxy products raised on feed and forage grown in air 

containing U-238 & -) is: 
7 

8 

U238 = LU238 -+ 4 U238 (€.ID-27) 
u238 = (16,372 pCi/lifetime) + (196,245 pCi/lifetime) 

L,, = 212,617 pCi/lifetime 

9 

10 

1 1  

Because the exposure models used in this scenario respond linearly to changes in concentration, they 
estimate that each additional pCi/m3 of U-238 in air will produce an incremental lifetime intake of 
about 213,000 pCi of U-238 via these pathways. 

12 

13 

14 

The ILCR to this receptor for this pathway from this radionuclide is: 

ILcRaA U238 = SFmg i U238 (E.III-28) 16 

where 17 

u238 = from ingestion of meat or milk downwind of source (r/lifethe) 

SFiq i = Slope factor for ingestion of constituent "i" (r@) 
18 

19 

The relationship between air concentration and risk for this receptor, pathway, and radionuclide is 
determined by the lifetime intake of U-238 from animal products calculated in Equation E.III-27 and 
substituting the ingestion slope factor for U-238, 2.8 x lo-" r/pCi. for SFms into Equation Em-28. 
This yields: 

20 

21 

22 

23 

IUIR, - = (2.8 x lo-" r/pCi)(212,617 pCi/lifetime) (€.ID-29) 
ILCR, u238 = 5.95 x lo4 r/lifetime 

24 

25 



Because the exposure model used in this scenario responds linearly to changes in concentration, each 
additional pCi/m3 of U-238 in air is predicted to result in a calculated excess risk of 6 x lo4. 

E.IlI.2.4 Calculation of an lLcR from a Combination of All Airborne Exposure Pathways 
In some situations, a hypothetical resident both inhales air containing suspended material and ingests 
crops grown in areas of experiencing aerial deposition. The total risks to the same receptor from these 
two pathways may be calculated as: 

(E.III-30) 

ILCR,, = ILCR (risk of cancer incidence/lifetime) 
= 
= 
= 
= 

intake from inhaling constituent "i" @Ci/lifetime) 
intake of constituent "i" in food crops from aerial deposition @Ci/lifetime) 

L i  intake of constituent '5" in animal products from aerial deposition (pCi/lifetime) 
SFing i Slope factor for ingestion of constituent "i" (rtpci) 
SF,, = Slope factor for inhalation of constituent "i" (r/pCi) 

I, 
4 v i  

A farmer living downwind of a plume of U-238 particles has been selected as the example for this 
calculation. The total intake by inhalation for this hypothetical receptor for each pCi of U-238 per m3 
of air is calculated in Section E.III.1. Similarly, the intake from each pCi of U-238 per m3 of air from 
eating vegetables and animal products grown downwind of air emissions are calculated in Sections 
E.III.12 and E.III.1.3. Substituting these values into Equation E.III-30, along with the appropriate 
HEAST Slope Factors of inhalation and ingestion of uranium, yields: 

ILCR, -= (11~,910 p~i/lifetime)(52 x lo4 rtpci) 

ILCR, m8 = 6.1 x 
+ [(1,470588 pCi/lifetime) + (212,617 pCi/lifetime)J(2.8 x lo-" r/pCi) (E.ItI-31) 

r/lifetime 

The exposure model used in this scenario respond linearly to changes in concentration. Therefore each 
additional pCi/m3 of U-238 in air results in a calculated excess risk of 6 x IO" r/lifetime to the 
resident adult from these airborne exposures. 

E.III.3 WATER EXPOSURES 
The Great Miami River User Scenario is used to demonstrate the calculation of intakes and risks 
associated with using river water containing U-238. Examples are also included demonstrating the 
application of the methodology to vinyl chloride. 

E.III.3.1 Drinkinn Water Innestion Pathway 
Ingestion of contaminated drinking water can be a major contributor to environmental intakes of a 
constituent of potential concern (CPC). An estimate of intake from drinking water is calculated from 
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E... ' Equations 7-3 and 74-of the Risk Assessment Work Plan Addendum (DOE 1992a). The intake 
equations are: 

(E.III-32) 
(Em-33) 

where 

h , =  
C~ = 
m =  
F I =  
E F =  
E D =  
BW = 
AT = 

intake of i" contaminant from drinking water (pCi, rad) (mg/kgd, chem) 
i* concentration in water @Ci/L, rad) (mg/L, chem) 
ingestion rate (L/d) 
fraction ingested from source (unitless) 
exposure frequency (d/y) 
exposure duration (y) 
body weight (kg); and 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y [EPA 1991~1); for 
chemical carcinogens, AT equals (70 y/lifetime) (365 d/y) 

Ingestion of water containing U-238 by a resident adult for a 70-year lifetime is selected for the 
example calculation. The ingestion rate (IR) is 2 L/d. The exposure frequency is 350 days per year 
(EF = 350 d/y). The exposure duration (ED) is 70 years. The lifetime intake is given by Equation 
E.m-32, above. Using the presented parameter values, this becomes: 

Because the exposure models used in this scenario respond linearly to changes in concentration, they 
predict that each pCi/L of U-238 in water will produce a lifetime intake of 49,000 pCi of U-238 via 
this one pathway. 

The ILCR to this receptor for this pathway from this radionuclide is: 

ILc%U238=sFmgixb.U238 (Em-35) 

where 

ILc% U238 
'Fins i 

= ILCR from ingestion of drinking water (r/lifetime) 
= Slope factor for ingestion of constituent "i" (r/pCi) 
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The relationship between water concentration and risk for this receptor, pathway, and radionuclide is I 

B detemined by combining equations E.III-34 and E.III-35 and substituting the ingestion slope factor for 2 

3 U-238, 2.8 x lo-'' r/pCi, for SFhg i' This yields: 

Because the exposure models used in this scenario respond linearly to changes in concentration, they 6 

7 

8 

predict that each additional pCi/L of U-238 in water will produce an incremental lifetime cancer risk 
of about 1 x lo4 via this one pathway. 

E.III.3.2 Incidental Ingestion of Surface Water While Swimming 
People living near bodies of water receiving contaminated runoff may accidentally ingest contaminated 
water while swimming. Intake from incidental ingestion of surface water while swimming is 
qUantified Using EQUation~ EJII-32 and EJII-33. 

9 

10 I , 

11 

12 

. .  Ingestion of surface water containing U-238 (C, u238) while swimming has been selected for the 
example calculation. The ingestion rate (IR) is 0.05 I.&. The exposure time (ET) is 2.6 h/d, the 
exposure frequency is 7 days per year (EF = 7 d/y), and the exposure duration (ED) is 70 years. The 

13 

14 

15 

lifetime intake for U-238 is estimated using Equation E.III-32, above. Using the presented parameter 16 

values, this becomes: 17 

D 

Since the exposure models used in this scenario respond linearly to changes in concentration, each 
pCi/L of U-238 in water will produce a lifetime intake of 64 pCi of U-238 via this one pathway. 

. 20 

21 

The ILCR to this receptor for this pathway from this radionuclide is: 22 

~ U Z 3 8 = s F m g i x  4u238 (Em-38) 23 

where 24 

ILc% U238 

SFhg i 

= ILCR from incidental ingestion of surface water while swimming (r/lifetime) 
= Slope factor for ingestion of constituent "i" (r/pCi) 

25 

26 
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The relationship between water concentration and risk for this receptor, pathway, and radionuclide is 
detemhed by combjning Equarlom E.m-37 and Em-38 and substituting the ingestion s!ope factor 
for U-238, 2.8 x lo-" r/pCi, for SFho i. This yields: 

m,, = (2.8 x lo-" r/pCi)(64 pCi/lifetime) 
= 1.8 x IO4 r-l/pCi-Metime 

(E.III.39) 

Because the exposure models used in this scenario respond linearly to changes in concentration, they 
predict that each additional pCi/L of U-238 in water will produce an incremental lifetime cancer risk 
of about 2 x lo4 via this one pathway. 

E.III.3.3 Volatiles Released by Showerinn and Other Household Water Uses 
The amount of a chemical taken into the body via exposure to volatilization of chemicals from 
showering is evaluated using the concentration of a chemical in the water source. Intake from the 
volatilization of chemicals in household water is calculated using the Andelman model presented (EPA 
19910: 

where 

4V8 

c, 
K 
IR 
EF 
ED 
B W  
AT 

1 

2 c  3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

- 13 

intake of volatiles in water from inhalation @Ci, rad)(mg/kgd,chem) 
concentration of constituent "i" in water ( m a )  
volatilization factor (05 14x.1~) 
indoor inhalation rate (m3/d) 
exposure muency  (dhr) 
exposure duration (y) 
body weight (kg) 
averaging time (d); for carcinogens, AT equals (ED) (365 d/y [EPA 1991~1); for 
chemical carcinogens, AT equals (70 yflifetime) (365 d&) 

17 

18 

19 

20 

21 

22 

23 

zd 

25 

For most metals, and hence most radionuclides in Operable Unit 1, volatilization is not a significant 

isotopes of radon. Therefore, this' pathway is not quantitatively presented for uranium. An example of 
this pathway is presented for vinyl chloride in Section E.III.39. 

26 

pathway because they do not vaporize at room temperature. The notable radioactive exceptions are the n 
28 

29 

E.m.3.4 Dermal Contact While Bathing 
The estimation of intake of contaminants in water via absorption though the skin is determined using 
the concentration of a chemical in the water source evaluated. Evaluation of the dermal absorption 
pathway is performed for adults and children. The amount of a chemical taken into the body upon 

30 

31 

32 

33 



exposure via dermal contact is referred to as an absorbed dose. The absorbed dose can be calculated 
using EPA’s dermal guidance @PA 1989a, EPA 1992e, and EPA 199%): 

1 

2 B 
b, = @4v,t)(EV)(EF)(ED)(SA)/~W~A~ ( ~ . m 4 2 )  3 

where 4 

L =  
D 4 V a l l  

E v =  
SA = 
E F =  
E D =  
BW = 
AT = 

Intake though skin from showering (mg/kgd) 
= Absorbed dose per event (mg/cm2-event) 
Event frequency (event/d) 
Surface area (cm2> 
Exposure rnuency (d/Y) 
Exposure duration (y) 
Body weight (kg) 
Averaging time (for carcinogens, AT = 25550 d) 

D4,,, can be calculated as: 

where 

C,, = Concentration in the vehicle (mg/L) 
I$ = Permeabilityconstant(cm/h) 
t = Lagtime@) 
B = Partitioning coefficient (unitless) 
CVmt = Time of event @) 
x = Pi (3.14) 
t* = Time required for steady state absorption to be reached (h) 
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For showering, the vehicle is domestic water, and for swimming, the vehicle is river water. In either 
case, C,, equals the concentration in the water (Q. For most metals, and hence most radionuclides in 
Operable Unit 1, dermal absorption is not a significant pathway because penetration though the skin is 

2p 

25 

26 

minimal. See Section E.JII.3.9 for an example of this pathway using methyl chloride. n 

E.m.3.5 Irrigation of Venetables 28 

Eating vegetables irrigated with contaminated water can contribute to the total intake of contaminants 
by humans. Estimating the magnitude of this intake is a two-step process. First the concentration in 

29 

30 

31 

32 

33 

34 

the vegetables must be estimated. In the second step, the human intake of constituent is calculated. If 
measured constituent concentration in plants are not available (e.g. future exposures) this 
concentration is estimated using Equation 7-9 from the FEMP Risk Assessment Work Plan Addendum 
(DOE 1992a). The equation is: 
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(E.III45) 

where 1 

h, 

concentration of i* contaminant in plants as a result of irrigating plants with contami- 
nated water @Ci/g, rad) ( m a g ,  chem) 
effective depletion constant of i* contaminant from first 15 cm inches of soil. This 
includes radioactive decay, chemical degradation, and leaching (h-'). 
effective depletion constant of i* contaminant on the surface plants also known as the 
weathering removal rate 
radioactive or chemical decay constant of i* contaminant (h-') 
dry soil to wet plant partitioning coefficient of i* contaminant in food crops (CJC,) 
Dry plant mass to wet plant mass ratio. (0.428 for food crops) 
irrigation deposition rate @Ci/m2-h, rad) (mg/m2-h, chem) 
fraction of year plant is irrigated (unitless) 
effective dry surface density of the soil (g/m2, rad) @g/m2, chem) 
fraction of water borne material retained on plant surface (unitless) 
growing season (h) 
duration of irrigation use (h) 
duration of period between harvest and consumption (h) 
agricultural yield (g/m2, rad) @g/m2, chem) 

2 
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7 

8 
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10 
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12 

13 

14 

15 

16 

17 

18 

Vegetables irrigated with water containing U-238 (C, u238) have been selected for the example 
calculation. The mean irrigation rate (a,) per unit area is 0.081 L/m2-h, so the rate of constituent 
deposition by irrigation is (c, u238 p ~ i / ~ )  (0.081 L/m2-h), and the itaction of the growing season that 
the plant is irrigated (f,) is 1. The duration of the study period is lo00 years (L = 8.76 x lo6 h). 
The fraction of waterborne material retained on the plant surface (r,) is 0.2. The weathering removal 
rate (h,) is 0.0021 h-'. The dry soil to wet plant partitioning coefficient of U-238 in the reproductive 
portions of vegetables (BW)) is 4 x The dry plant mass to wet plant mass ratio is 0.428. The 
effective dry surface density of the soil is (p) 225,000 @m2. "he agricultural yield is (Y) 1,500 g/m2. 

The radiological decay constant of U-238 A,, is 1.77 x 
exp(-h, rh) tern approaches a value of 1 (Le. no siwicant decay). A value of 1.61 x 

calculated for ki using Equation E.m-8 and a Kd of 12 cm3/g from Appendix D. The effective 

parameter values into Equation E.III457 and simplifymg yields: 

19 4 
20 

21 

22 

23 

24 

2.5 

26 

The growing season 4 is 1,440 hours. The period between harvest and consumption (6) is 24 hours. n 
h-'. This value is so small that the 

is 

28 

29 

30 

31 

32 

depletion coefficient (&) is calculated from Equation Em-7 to be 1.61 x Substituting these 

(EJII-46) 33 
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Once the constituent's concentration in the vegetables is estimated, the resulting intake by humans can 
be estimated using EQuations E.III-11 or E.III-12. Continuing the example begun in Equation E.III-46, 
humans ingest vegetables from the study area for a 70-year lifetime. The calculated concentration of 
U-238 in vegetables and fruit is about 0.00493 pCi/g. The exposure frequency is 350 days out of per 
year (EF = 350 d/y). The consumption rate of vegetables and fruit grown in the study area is 122 
grams per day (FI x IR). The exposure duration (ED) is 70 years per lifetime. The lifetime intake of 
U-238 from this food supply may be estimated by Equation E.m-11. Using the presented parameter 
values, this becomes: 

I,, u238 = (0.00493 pCi/g)(122 g/d)(350 d/y)(70 y/lifetime) (E.rn-47) 
I,, u238 = 14,736 pCiietime 

Because the exposure models used in this scenario respond linearly to changes in concentration, each 
additional pCi/L of U-238 in water will produce an incremental lifetime intake of 14,736 pCi of U-238 
via this one pathway. 

- 

The ILCR to this receptor for this pathway from this radionuclide is: 

~ u 2 3 8 = s F m g i x ~ U 2 3 8  . (E.III-48) 

where 

ILQR,,, = ILCR from irrigation of vegetables (r/lifetime) 

SFing i = Slope factor for ingestion of constituent "i" (r/pCi) 

The relationship between water concentration and risk for this receptor, pathway, and radionuclide is 
determined by substituting the lifetime intake of U-238 eating vegetables and fruit calculated in 
Equation E.III-47 and the ingestion slope factor for U-238.2.8 x 10'" r/pCi, for SFmg into Equation 
E.III-48. This yields: 

ILCR,,, = (2.8 x IO-'' r/pci)(14,736 pCi/lifetime) (E.III-49) 
q,, = 4.1 x r/lifetime) 
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Because the exposure models used in this scenafio respond linearly to changes in concentration, they 
predict that each additional pCi/L of U-238 in water will produce an incremental lifetime cancer risk 
of about 4 x 10‘~ via this one pathway. 
. . .  

E.lII.3.6 Ingestion of Beef and Dairy products Produced with River Water 
This scenario assumes that river water is used for stock water and irrigation of feed. Animals drinking 
the water ingest contaminants directly. Plants irrigated with water take up constituents via mot uptake 
and direct deposition onto exposed surfaces by irrigation water. Ingestion of these plants by livestock 
also contributes to the body burden of these contaminants in the animals. Humans using products 
from these animals can ingest the contamination contained in them as well. 

The magnitude of the contaminant exposure by humans depends, in part, on the concentration of the 
constituent in the animal products. If measured values are not available (e.g. future exposures), this 
concentration can be calculated using the methodology set forth in the FEMP Risk Assessment Work 
Plan Addendum (DOE 199%). The concentration of a contaminant in animal products, such as beef 
or milk, is estimated using the following equation: 

1 

2 4  3 

4 
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a 
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14 

where 

(E.lII-50) 

=Ai 

Cfi 

FAi 

= concentration of i* contaminant in the animal praduct @CW for milk, Ki/g for 

= concentration of i* contaminant in feed @Ci/g, rad) (mghcg, chem) 
= concentrationofcon taminant in water @Ci/L, rad) (ma, chem) 
= element (stable) transfer coefficient that relates the daily intake by an animal to the 

concentration of i* contaminant in an edible portion of the animal product (d/L for 
milk, d/g for meat) 

beef, rad) ( m a  for milk, m@g for beef, chem) 

= consumption rate of contaminated feed by livestock @Id, rad) (kg/d, chem) 
= consumption rate of contaminated stock water by livestock (L/d) 
= radioactive or chemical decay constant of i* contaminant (I-’) 
= duration of period between harvest and consumption @) 

Qf : 
k 

If measured values for the concentrations of constituents in stored feed are not available (e.g., future 
exposures), this concentration is estimated using Equation 7-9 from the Risk Assessment Work Plan 
Addendum (DOE 199%). The equation is: 
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where 

c, 
hi 
A,,, 

3k 
BiV(1) 

-P 
4, 
fW 

P 
rW 
t 
b w  
th 
Y 

= concenmtion of i* contaminant in plants as a result of irrigating plants with contami- 

= effective depletion constant of i* contaminant in surface soils due to radioactive decay, 

= effective depletion constant of i* contaminant on the surface plants also known as the 

= radioactive or chemical decay constant of i* contaminant @-I) 

= dry soil to wet plant partitioning coefficient of i* contaminant (CJC,) in animal feed 
= Dry plant mass to wet plant mass ratio for feed and forage (1 .O) 
= irrigation deposition rate @Ci/m2-h, rad) (m8/m2-h, chem) 
= fraction of year plant is higated (unitless) 
= effective dry surface density of the soil (g/m2) 
= fraction of water borne material retained on plant surface (unitless) 
= pwingseason@) 
= duration of irrigation use @) 
= duration of period between harvest and consumption (h) 
= agricultural yield (g/m2) 

nated water @Ci/g, rad) (mg/kg, chem) 

chemical degradation, and leaching @-I) 

weathering removal rate (I-') 

The soil depletion coefficient is calculated by using equations E.III-7 and E.m-8. 

This example assumes that stored feed is irrigated with river water containing U-238. The mean 
irrigation rate (4,) per unit area is 0.081 L./m2-h, so the rate of constituent deposition by irrigation is 
0.081 pCi/m2-h and the fraction of the growing season the plant is irrigated (f,) is 1. The duration of 
the study period (b) is 1,OOO years (8,760,000 h). The fraction of waterborne material retained on 
the plant surface (r,) is 0.2. The weathering removal rate (A,,,) is 0.0021 h'l. The dry soil to wet 
plant partitioning coefficient of U-238 in the reproductive portions of feed (BiV(2)) is 8.5 x The 
effective dry surface density of the soil (A) is 225,OOO a2. The agriculwal yield (Y) is 800 g/m2. 
The growing season (tJ is 3,312 hours. The period between harvest and consumption (g)  is 2,160 
hours. The radiological decay constant (AJ for W-238 is 1.77 x h'. This value is so small that 

the exp(-A, r,,) term approaches a value of 1 (i.e., no significant decay). A value of 1.61 x lo-' h '  

is calculated for hL, using Equation E.III-8 and a & of 12 cm3/g (from Appendix D). Substituting 
these parameter values into Equation EJII-51 and simplrfylng yields: 
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L U 7 3 8  = O.o0982pCi/g 7 
Once the concentration in stored feed has been estimated, its contribution to constituent levels in beef 
and dairy products can be calculated using Equation Em-50. Continuing the example begun in 
Equation E.m-53, the calculated concentration of U-238 in stored feed attributable to higation is 
about 9.82 x 
contaminated feed (Q). The plant to beef and plant to milk biotransfer factors for U-238 in cows are 

consumption of stored feed is 2160 hours. The radiological decay constant of U-238 & is 1.77 x 
h-’. This value is so small that the exp(-& t,,) term approaches a value of 1 (Le. no sigmficant 

decay) for both meat and milk calculations. Beef cows ingest about 50 L/d of water(&& while milk 
cows ingest about 60 Ud. 

pCi/g. In this study, a cow is assumed to consume 25,OOO g/d of potentially 

2 X w7 d/g (F, m8) and 6 X lo-’ d / d ~  (Fd ~ 2 3 8 ) ~  respectively. m e  time between harvesting and 

1 

8 

9 

10 

11 

Substituting parameter values for the beef ingestion scenario in Equation E.III-50 (C, = & m8) 12 

13 yields the concentration of U-238 m beef: 

Substituting parameter values for the milk ingestion scenario in Equation E.III-50 (C, = G d  u238) 

yields. The concentration of U-238 m milk: 17 

q d  U238 = (6.0 x d/mL)[(25ooO g/d)(9.82 x pCi/g> + (60 L/dXI pCi/L)I (Em-54) 18 

& U238 = 1.83 x io4 pcm 19 

Once the constituent’s concentration in the animal product is estimated, the resulting intake by humans 
can be estimated using Equations E.m-23 and E.III-24. Continuing the example calculation, the 
falIller ingests beef COIltahhg 5.91 X 10” pCiL/g Of U-238 (L U238 in Equation E.III-53) and dauy 
products Combing 1.83 X lo4 pCi/mL Of U-238 (& u238 in Equation E.III-54) for each Ki/L Of u- 
238 in water during a 70-year lifetime. The exposure frequency is 350 days per year (EF = 350 d/y). 
The hctions of beef and dairy products ingested from the contaminated source (FI x IR) are 75 PJd 
and 300 mL/d, respectively. The exposure duration (ED) is 70 years. The lifetime intake of U-238 
from this supply of animal products is given by Equation E.III-23. Substituting the selected parameter 
values for the beef ingestion scenario, this becomes: 
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27 

m 

h, ~ 2 3 8  = (5.91 x 10” pCi/g)(75 g/d)(350 d/y)(70 y/lifetime) (Em-55) 29 

= 109 pCi/lifetime 30 

Substituting the selected parameter values for the dairy producApts,_iI!g$s,tion scenario, this becomes: 31 

“t, \; 

ogng 

. .  
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D 
Because the exposure models used in this scenario respond linearly to changes in concentration, each 
pCi/L of U-238 in water will produce an incremental lifetime intake of 109 pCi U-238 via the beef 
ingestion pathway and 1345 pCi of U-238 via the milk ingestion pathway. 

The IL€R to this receptor for these pathways from this radionuclide is: 

(Em-57) 

where 

ILCR,,, u238 or U&, u238 = ILCR from ingestion of beef or dauy products produced with river water 
(r/lifetime) 
Slope factor for ingestion of constituent "i" (r/pCi) SFhg = 

The relationshrp between air concentration and risk for this receptor, pathway, and radionuclide is 
determined by substituting the lifetime intake of U-238 calculated in Equations E.m-55 and Em-56 
and the ingestion slope factor for U-238, 2.8 x lo-'' r/pCi, for SFmg into Equation E.III-57. This 
yields: 

Dajl: 
IK&mE = (2.8 x lo-'' r/pCi)(1345 pCi/lifetime) 
LCR,, u238 = 3.8 x lo4 r/lifetime 

(Em-58) 

(Em-59) 

Because the exposure models used in this scenario respond linearly to changes in concentration, they 
predict that each additional pCi/L of U-238 in water will produce an incremental lifetime cancer risk 
of about 3 x lo4 via the beef pathway, and 4 x lo4 via the milk pathway. 

E.IIL3.7 Ingestion of Fish 
If measured concentrations of a constituent in fish are unknown, they are estimated using Equation 
7-19 of the FEMP Risk Assessment Work Plan Addendum (DOE 19924: b 
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where 

(E.rn-60) 

CFi = 
C, = 
BCF,, = 
& = radioactive or chemical decay constant of i contaminant wl) 
th = duration of period between harvest and consumption @) 

concentration of the i" constituent in fish @Ci/kg, rad) (mg/kg, chem) 
concentration of the i" constituent in surface water (pCi/L, rad) ( m a ,  chem) 
fish bioconcentration factor @Ci/g fish per p, rad) (m@g fish per m@, them) 

Fish in water containing U-238 have been selected for the example calculation. The biotransfer factor 
from water to fish (BCFFm ) is 0.002 L/g (USNRC 1984)). The period between harvest and 
consumption (t,,) is 24 hours. The radiological decay constant of U-238 (h) is 1.77 x h-'. This 

value is so small that the exp(-h, r,,) tern approaches a value of 1 (i.e. no significant decay). 

Substituting these parameter values into Equation E.III-60 produces: 

(E.III-61) 

Once the concentration in fish has been estimated, mtake can be calculated as: 

where 

IFi 
cFi 
IR 
FI 
EF 
ED 
B W  
AT 

intake of i" constituent from f s h  ingestion @Cis rad) (mg/kg-d, chem) 
concentration of i" constituent in fish @Ci/g, rad) (mg/kg, chem) 
ingestion rate (g/d, rad) (kg/g, chem) 
fraction ingested from contaminated source (unitless) 
exposure frequency (dh.1 
exposure duration (y) 
M Y  weight (kg) 
averaging time (a); for noncarcinogens, AT equals (ED) (365 d&); for chemical 
carcinogens, AT equals (70 y/lifefime) (365 d/y) 

Continuing the previous example, it is assumed that a recreational fisherman ingests 54 grams of fish 
per day (IR x FI) from the study area for 70 years (ED). The exposure frequency (EF) is 350 d/y. 
The concentration of U-238 in fish from Equation E.III-61 is 0.002 pCi/g. Substituting these 
parameters into Equation E.IlI-62 yields: 
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Because the exposure models used in this scenario respond linearly to changes in concentration, each 
additional pCi/L of U-238 present in water will produce an hcremental lifetime intake of 2,646 pCi of 
U-238 via this one pathway. 

The ILCR to this receptor for this pathway from this radionuclide is: 

ILCRF U238 = sFmg i IF UZ38 (E.III-65) 

where 

ILCRF U238 

SFiq i 

= ILCR from ingestion of fish (r/lifetime) 
= Slope factor for ingestion of constituent "i" (r/pCi) 

The risk for this receptor, pathway, and radionuclide is determined by substituting the lifetime intake 
calculated in Equation E.III44 and the ingestion slope factor for U-238.2.8 x lo-" r/pCi, for SFbs 
into Equation E.III-65. This yields: 

Because the exposure models used in this scenario respond linearly to changes in concentration, they 
predict that each additional pCi/L of U-238 in water will produce an incremental lifetime cancer risk 
of about 7 x 1 0 ~  via this pathway. 

E.IIL3.8 Calculation of ILCR for Great Miami River User Scenario 
In this scenario, a hypothetical farmer uses river water for drinking, domestic uses, irrigation, stock 
water, and recreation (fishing and swimming). The total risks to the same receptor from these 
exposure pathways may be calculated as: 

where 

ma, = incrmental Lifetime Cancer Risk (risk of cancer incidence/lifetime) 
L = intake from drinking water @Ci/lifetime) 
L = intake from ingesting vegetables and fruit @Ci/lifetime) 
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intake from ingesting meat @Ci/laetime) 
intake from ingesting dauy products @Ci/lifetime) 
intake from incidental ingestion while swimming @Ci/li€etiime) 
intake from eating fish @Ci/lifetime) 
intake from absorption while bathing (pCWetime) 
intake from absorption while swimming @Ci/lifetime) 
intake from inhalation while bathing @Ci/lifetime) 
HEAST slope factor for ingestion of constituent i (r/pCi) 
HEAST slope factor for inhalation of constituent i ( r w )  

A farmer living adjacent to the Great Miami River has been selected as the example for t h i s  calcula- 
tion. The total intake for this hypothetical receptor for each pCi/L of U-238 in water from these 
pathways have been calculated in Sections E.III.3.1 though E.III.3.8. Substituting these values into 
Equation E.III-67, along with the appropriate HEAST slope factors for ingestion and inhalation of 
uranium, yields: 

ILc%,, m8 = { [(49000 pCi/lifetime) + (64 pCi/lifetime) + (14736 pCi/lifetime) 
+ (109 pCi/lifetime) + (1345 pCi/lifetime) 
+ (2646 pCi/lifetime)] x 2.8 x 10'" r-pCi) (E.lII-68) 

ILC%,, m8 = 1.9 x lo4 r-metime) 

The exposure models used in this combined pathway scenario respond linearly to changes in 
concentration. Therefore, each additional pCi/L of U-238 present in Great Miami River water will 

produce an incremental lifetime cancer risk of about 2 x lo4 r-pCi/L-lifetime from the water pathways 
investigated. 

E.m.3.9 Risk Calculations for Vinyl Chloride in Water. 
An additional example has been prepared to demonstrate the application of the methodology to vinyl 
chloride expomres to the resident farmer from the drinking water, dermal contact, and volatilization 
pathways. The example ends with the calculation of one aggregate risk, which combines the 
exposures from these three pathways. 

Drinking Water 
The equation used to estimate intake from drinking water is adapted from EPA guidance (EPA 1989a). 

where 

h.a = Intake from drinking water (mgflcgd) 
C, = Concentration in water (m@) 
% = Ingestion rate (2 t/d) 
EF = Exposure frequency (350d/y) 
ED = Exposureduration(7Oy) 1 f ,  . 
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FI = Fraction ingested from the contaminated source (1) 
BW = Body weight (7Okg) 
AT = Averaging time (for carcinogens, AT = 25,550 d) 

The relationship of concentration to intake for this receptor, pathway, and chemical is determined by 
substituting the constants listed above into Equation E.III.69: 

4 

5 

(E.III-70) 6 

7 

Incremental lifetime risk to this receptor, for this pathway, from this chemical is: 8 

where 10 

LCT& = 
= 

SF, = Slope factor (1.9 r-kgd/mg-lifetime) 

Incremental lifetime cancer risk from drinking water (unitless) 
Intake from drinking water (mgflrgd) 

11 

12 

13 

The risk for this receptor, pathway, and chemical is determined by substituting the lifetime intake 14 

1s 

16 

calculated in Equation E.III-70 and vinyl chloride's oral slope factor (1.9 r-kgd/mg-lifetime) for SFo 
into Equation E.III-71. This yields: 

= (1.9 r-kgd/mg-lifetime)(O.O27 mg/kgd) (E.III-72) 17 

, -  = 0.051 r u e t i m e  18 

B 

Thus, each additional mg/L of vinyl chloride in water will yield a calculated excess risk of 5 x lo-* for 19 

..... this receptor and pathway. 20 

Volatilization 21 

Intake from volatilization of chemicals in household water is calculated using the Andelman model 
(EPA 1991b). 23 

22 

where 

&, 
C, = Concentration in water (mg/L) 
K = Volatilization factor (0.5 L/m3) 
IR, = Inhalation rate (15 m3/d) 
EF = Exposurefrequency(35Od/y) 
ED = Exposureduration(7Oy) 
BW = Body weight (70 kg) 
AT = Averaging time (for carcinogens, AT = 25,550 d) 

= Intake from inhaling chemicals volatilized from water to air (mgflrg-d) 
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The intake for this receptor, pathway, and chemical is determined by substituting the constants listed 1 

2 1  above into Equation 111-73: 

b., = (1 m g M 0 5  Lbm3/d)(15 m3/d)(350 dh.)(70 yM70 kg)(25,550 d) 3 

b, = 0.10 mg/kgd (Em-74) 4 

The Incremental Lifetime Cancer Risk to this receptor, for this pathway, from this chemical is: 5 

PECR, = SF, x b., (Em-75) 6 

where 7 

= Incremental lifetime cancer risk from volatilization (unitless) 
L, = Intake from drinking water (mg/kgd) 
SF, = Slope factor (0.3 r-kg-d/mg-lifetime) 

8 

9 

10 

The risk for this receptor, pathway, and chemical is determined by substituting the lifetime intake 
calculated by Equation E.III-74 and the inhalation slope factor of vinyl chloride for SF, into Equation 

1 1  

12 

E.m-75. This yields: 13 
- 

ILCR,, = (0.3 r-kg-d/mg-lifetime)(O.lO mud-kg) 
ILC& = 0.030 r/lifetime 

(Em-76) 14 

15 

Thus, each additional mg/L of vinyl chloride in water will yield a calculated excess risk of 3 x 1U2 
r/lifetime for this receptor and pathway. 17 

Dermal contact: 18 

Intake from dennal contact with household water containing vinyl chloride is calculated using the 19 

20 EPA's dermal guidance (EPA 1989a, 1992b, 1992~): 

where 

L 
D&- = Absorbed dose per event (mg/cm2-event) 
Ev = Event frequency (event/d) 
SA = Surfacearea(cm2) 
EF = Exposure frequency (d/y) 
W = Exposureduration(y) 
CF 
BW = Bodyweight(kg) 
AT 

= Intake though skin from showering or bathing (mg/kgd) 

= Conversion factor (0.001 ~ / c m ~ )  

= Averaging time (for carcinogens, AT = 25,550 d) 

Dk,, can be calculated as: 
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c, 
K,, 
TAO =Lag time (0.21 h) 
B = Partitioning coefficient (unitless) 
tv,t = Time of event (0.25 h) 
A = Pi (3.14) 
t* = Time to steady state conditions (0.5) 

= Concentration in water ( m a )  
= Permeability constant (0.0073 cm/h) 

For showering, the vehicle is domestic water, and for swimming the vehicle is river water. In either 
case, C, equals concentration m the water (CJ. 

The intake for this receptor, pathway, and chemical is determined by substituting the constants listed 
above into Equation E.III-77: 

b, = (1 mg/L)(2)(0.0073 cm/h)[(6)(0.21 h)(0.25 h)/(3.14)Io5 
x (1 event/d)(350 d/y)(70 y)(20,000 cm2)(0.001 L/m3)/(70 kg)(25,550 d) 

b, = 0.00127 mg/kgd (Em-78) 

D Incremental lifetime risk to this receptor, for this pathway, from this chemical is: 

where - 
b, 
SF, 

= Incremental Metime cancer risk from dermal exposures (unitless) 
= Intake though skin from showering or bathing (mg/kg-d) 
= Dermal slope factor (1.9 r-kg-d/mg-lifetime) 

SF, is derived by dividing the oral slope factor (1.9 r-kgdbg-lifetime) by the GI absorption factor for 
vinyl chloride (0.9), yielding a value for SF, of 2.1 r-kg-d/mg-lifetime. The relationship between 
intake and risk for this receptor, pathway, and chemical is determined by combining Equations E.III-78 
and E.m-79 and substituting the dermal slope factor of vinyl chloride for SF,. This yields: 

= (2.1 r-kgd/mg-lifetime)(O.O13 mg/kgd) 
ILQ% = 0.0027 r/lifetime 

(Em-80) 

Thus, each mg/L of vinyl chloride in water will yield a calculated excess risk of about 3 x 
for this receptor and pathway. 
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Equations EJII-70, E.ID-74, and E.m-78 may be used to calculate the incremental lifetime risk of 
cancer incidence to a resident adult from exposures related to drinking water, inhalation of volatiles 
from household water, or dermal contact With water for a given concentration of vinyl chloride in 
water. The risks from these pathways are additive to a receptor experiencing more than one of them. 
The combined risks from all three of these pathways (LCRJ is calculated by adding these risks 
together 

ILCR,==#j+ILCR,+ILcR, @.ID-8 1 ) 
ILCR, = (0.051 r/lifetime) + (0.030 r/lifetime) + (0.0027 r/lifetime) 
ILCR, = 0.084 r/lifetime 

The calculated excess risk to the resident adult from each additinal pCi/L of vinyl chloride in water 
from these three pathways is calculated to be about 3 x rwetime. 

E.UI.4 SOIL AND SEDIMENT EXPOSURES 
The on-propexty resident RME is used'to illustrate the calculation of risks associated with U238 in 
soil. 

E.UI.4.1 Incidental Ingestion of Soil or Sediment .. 
Evaluation of the soil/sediment ingestion pathway is performed using Equations 7-7 and 7-8 from the 
FEMP Risk Assessment Work Plan Addendum (DOE 1992a): 

where 

4i = 
csi = 
m =  
c F =  
F I =  
E F =  
E D =  
B W  = 
AT = 

intake from soil or sediment for constituent i s i ,  rad) (meg-d, chem) 
concentration of constituent i in soil or sediment @Ci/g, rad) (mg/kg, chem) 
ingestion rate (g/d, rad) (kg/d, chem) 
conversion factor 1 0 6  kg/mg 
fraction ingested from contaminated source (unitless) 

exposure duration Q) 
body weight (kg) 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d&); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d/y) 

exposure frequency (W) 

Incidental ingestion of soil by the hypothetical on-property receptor has been selected to illustrate how 
intakes via the soil ingestion pathway are estimated. The time weighted average annual ingestion rate 
of soil over a 70 year lifetime from the study area (IR x FI) is about 0.18 g/d. The exposure 
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frequency is 350 days per year (EF = 350 d&), and the exposure duration (ED) is 70 y/lifetime. 1 B substituting these parameter values into Equation E.lII-82 yields: 2 

I, urn = (1 pCVgM0.18 g/d)(350 d/y)(70 ymetime) 
Zurn = 4,410 pCi/lifetime 

(Em-84) 3 

4 

Because the exposure models used in this scenario respond linearly to changes in concentration, they 

about 4,410 pCi of U-238 via this pathway. 

5 

6 

7 

estimate that each additional pCi/g of U-238 in soil wil l  produce an incremental lifethe intake of 

The ILCR to this receptor for this pathway from this radionuclide is: 0 

I L c % U 2 3 8 " s F i q i x ~ U 2 3 S  @Ill-85) 9 

where 10 . '- 

u238 = ILCR frm incidental ingestion of soil or sediment (r/lifetime) 

SFing i = Slope factor for ingestion of constituent "i" (r/pCi) 

The risk for this receptor, pathway, and radionuclide is determined by substituting the lifetime intake 
of U-238 calculated in Equation E.m-84 and the ingestion slope factor for U-238.2.8 x 10'" r/pCi, 
fur SFhg into Equation E.IlI-85. This yields: 

mm = (2.8 x lo-'' r/pCi)(4,4lO/lifetime) (E.III-86) 
u238 = (c,, u2u) pCi/g)(l2 x 1 o - ~  r-g/pCi-lifetime) 

Because the exposure models used in this scenario respond linearly to changes in concentration, they 
predict that each additional pCi/g of U-238 in soil will produce an incremental lifetime cancer risk of 
about 1 x via this pathway. 

E.III.4.2 Dermal Contact with Soil or Sediment 
Dermal absorption may also occur upon contact with contaminated soil and sediment and is calculated 
using Equation 7-23 of the FEMP Risk Assessment Work Plan Addendum (DOE 1992a): 

where 

B ABd = amount of i* constituent , .I  , absorbed during contact with soil or sediment (mg/kgd) 
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ABS = 
c F =  
E D =  
E F =  
BW = 
AT = 
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concentration of i* constituent in soil or sediment (mg/kg) 
skin surface area available for contact (cm2/event) 
skin adherence factor (mg/cm2> 
absorption factor (unitless) 
conversion factor; (lod kgtmg) 
exposure duration (y) 
exposure fkquency (even@) 

averaging time (d); for nonwcinogens, AT equals (ED) (365 d/y); for chemical 
carcinogens, AT equals (70 yllifetime) (365 d/y) 

body weight org) 

1 

. a  3 
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10 

For most metals, dennal absorption is not a significant pathway because penetration though the skin is 
minimal. These example calculations are being performed for U-238, a metal. Hence, exposures via 
this pathway are not quantitatively presented for this example. 

11 

12 

13 

E.IIL4.3 Ingestion of Vegetables Grown in Contaminated Soil 14 
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Plants grown in contaminated soil take up contaminants via mot uptake. Ingestion of these plants by 
humans contributes to the total intake of contamiuants by humans. Estimating the magnitude of this 
intake is a two step process.. First, concentrations in the plants are estimated. Human mtalce of 
constituents in vegetables is then estimated in the second step. If measured plan concentrations are not 
available (e.g. future exposures), concentrations in the plants are estimated using Equation 7-11 from 
the FEW Risk Assessment Work Plan Addendum (DOE 1992a). The equation is: 

c,. = (CSi)B,y(21CFpe -‘A (E.III-88) 

where 

C, = concentration of i* contaminant in food crops @Ci/g, rad) ( m a g ,  chem) 
Csi = concentration of i* contaminant in soil @Ci/g, rad) (mg/kg, chem) 
B,, - 
dry soil to dry plant partitioning coefficient of i* contaminant in food crops (CJC~ 
cFp = dry plant mass to wet plant mass ratio (unitless) 
& 
t,, = duration of period between harvest and consumption @) 

- 

= radioactive or chemical decay constant of i* contaminant (h-’) 

Vegetable and fruits grown in soil containing U-238 are selected to illustrate how contaminant 
concentrations in plants can be estimated from contaminant concentrations m soil. The dry soil to dry 
plant partitioning coefficient of U-238 in the reproductive portions of vegetables and fruits (BiVc2$ is 4 
x lo”. The dry plant mass to wet plant mass ratio is 0.428 (Baes and Sharp, 1984). The period 
between harvest and consumption (tJ for vegetables is 24 horn, and 720 hours for fruit. The 
radiological decay constant of U-238 (h) is 1.77 x 
exp(-& r,,) term approaches a value of 1 (i.e. no significant decay). Substituting these parameter 

values into EquationE%88 and simplifying yields: 

y-’. This value is so small that the 

i F ;-, 
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Once the concentration in crops has been estimated, the quantity ingested by the on-property resident 
can be calculated using Equations E.m-11 or E.m-12. Continuing the previous example, the 
calculated concentration of U-238 in crops (CSv u238 in Equation E.III-89) is calculated to be 1.93 

vegetables and fruit grown in the study area is 122 grams per day (F'I x IR). The exposure duration 
(ED) is 70 years. Substituting these parameter values into Equation E.m-11 and solving produces a 
lifetime ingestion via vegetables (L u238) of: 
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9 

pCi/g. The exposure frequency is 350 days per year (EF = 350 d&). The consumption rate of 

Because the exposure models used in this scenario respond linearly to changes in concentration, they 
estimate that each additional pCi/L of U-238 in water will produce an incremental lifetime intake of 
5.1 11 pCi of U-238 via this pathway. 

The ILCR to this receptor for this pathway from this radionuclide is: 

B %U238=sFmgix 16.u238 (E.m-9 1) 

where 

w, 
SFmg 

ILCR fiom ingestion of vegetables grown in contaminated soil (rbifetime) 
= Slope factor for ingestion of constituent 3" (r/pCi) 

The risk for this receptor, pathway, and radionuclide is determined by substituting the lifetime intake 
of U-238 from eating vegetable and fruit calculated in Equation E.III-90 and the ingestion slope factor 
for U-238.2.8 x lo-" r/pCi. for SFbe into Equation E.III-91. This yields: 

%m = (2.8 x 10" r/pCi)(5,111 pCi/lifetime) 
Iu3%, = 1.3 x rllifetime 

(E.III-92) 

Because the exposure models used in this scenario respond linearly to changes in concentration, they 
predict that each additional pCi/g of U-238 in soil will produce an incremental lifetime cancer risk of 
about 1 x 10-~ via this pathway. 
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E.III.4.4 Innestion of Meat or Milk 
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1 

This scenario assumes that livestock is raised on contaminated soil. Feed and forage grown on 
contaminated soils take up constituents via root uptake. Ingestion of these plants by livestock 
contributes to the body burden of these contaminants in the animals. In addition to intake from 
contaminated feed and forage, cows may receive a significant intake from soil ingestion if the soil is 

can be exposed to the contamination contained in them. 

3 

4 

5 

6 

7 

also a source of contamination (Zach and Mayoh 1984). Humans using products from these animals 

The magnitude of the contaminant exposure by humans depends, in part, on the concentration of the 8 

9 

10 

11 

12 

constituent in the animal products. If measured values are not available (e.g. future exposures) this 
concentration can be calculated using the methodology set forth in the FEMP Risk Assessment Work 
Plan Addendum (DOE 1992a). The concentration of a contaminant in animal products, such as beef 
or milk, is estimated using the following equation: 

(Em-93) 

where - 13 

C, 

Csi = concentration of contaminant in soil @Ci/g, rad) (mglkg, chem) 
C@ = concentration of i* contaminant in forage @Ci/g, rad) (mg/kg, chem) 
C, = concentration of i"' contaminant-in-feed @Ci/g, rad) (mg/kg, chem) 
Fh = element (stable) transfer coefficient that relates the daily intake by an animal to the 

= concentration of i* contaminant in the animal product, @c~/L for m i ~ k ,  pCi/g for beef, 
rad) ( m a  for milk, mg/kg for beef, chem) 

concentration of im contaminant in an edible portion of the animal product (d/L for milk, 
d/g for beef) (d/L for milk, d/kg for beef) 

Qg = consumption rate of contaminated forage (pasture grass) (g/d, rad) (kg/d, chem) 
Q, = consumption rate of soil by livestock (dd, rad) @g/d, chem) 
Qr = consumption rate of contaminated feed by an animal (g/d, rad) (kg/d, chem) 
&, = radioactive or chemical decay constant of i"' contaminant e-') 
\ = duration of period between harvest and consumption @) 
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If measured values for feed and forage are not available (e.g. future exposures), the concentration in 
these plants that is attributable to direct uptake from soil is estimated using Equation 7-11 from the 
FEMP Risk Assessment Work Plan Addendum (DOE 1992). The equation is: 

n 
28 

29 

where 

(Em-94) 

Cali 

Csi 
%(l) 

ffP 

= 

= 
= 
= 

concentration of i* contaminant in the plant, where p = g is forage, and p = f is 
stored feed @Ci/g, rad) (mg/kg, chem) 
concentration of i* contaminant in soil @Ci/g, rad) (mgflrg, chem) 
dry soil to dry plant partitioning coefficient of i"' contaminant in forage (C,JC,J 
dry plant mass to wet plant mass ratio (unitless) 
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= radioactive or chemical decay constant of im contaminant (h-') . .  
= duration of period between harvest and consumption (h) i kl 

th 

The concentration of U-238 in plants grown in soil U-238 (C,@) U238) has been selected to illustrate 
how contaminant concentrations in feed and forage can be estimated from contaminant concentrations 
in soil. The dry soil to wet plant partitioning coefficient of U-238 in feed and forage is 8.5 x 

g,dQmt. The periods between harvest and consumption (t,,) of forage and stored feed are 0 
hours and 2160 hours, respectively. The radiological decay constant of U-238 & is 1.77 x h-'. 

This value is so small that the exp(-h,, t,,) term approaches a value of 1 (Le. no si@icant decay) for 

both feed and forage calculations. Substituting these parameter values into Equation E.III-88 yields: 

Once the concentration in vegetation has been estimated, concentrations in the animal product can be 
calculated using Equation E.In-93. Continuing the example begun in Equation E.In-94, the calculated 
concentration of U-238 in feed and forage attributable to soil uptake (CdU238 and C,, U238 in Equation 
E.III-88) is about 8.5 x p C i , / ~ ~ ~ .  The dry plant mass to wet plant mass ratio is 1.0. In this 
study, cows consume 25,OOO g/d of potentially contaminated forage ($), 25,OOO g/d of potentially 
contaminated feed (Q), and 500 g/d of potentidy contaminated soil (QJ. The plant to beef and plant 
to milk biotransfer factors for U-238 in cows are 2.0 x d/g (FA) and 6.0 x 
respectively. The times between harvesting and consumption (t,,) of meat and milk are 24 bours and 
480 hours, respectively. The radiological decay constant of U-238 & is 1.77 x 
so small that the exp(-h, t,,) tenn approaches a value of 1 (Le. no signtficant decay) for both meat 

and milk calculations. 

B 
d/mL (Fdi), 

h-'. This value is 

Substituting the parameter values presented for the beef cattle scenario in Equation E.III-93 yields a 
meat concentration (C, uu8) of: 

Substituting the parameter values presented for the dairy scenario in Equation E.lII-93 yields a milk 
concentration (C, -) of: 
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Once the concentrations of U-238 in animal products are known, the magnitude of intake by the on- 
properly resident can be estimated. The farmer ingests beef containing 0.000185 pCi/&,, of U-238 

m 8  in Equation E.III-97) for each pCi/g of U-238 in soil over a 70 year lifetime. The exposure 
frequency is 350 days per year (EF = 350 d&). The fraction ingested from the contaminated source 
(n x IR) is 75 g/d for beef, and 300 mL/d for dauy products. The exposure duration (ED) is 25550 
days. The lifetime intake of U-238 from this meat supply is calculated using Equation E.III-23. 

(c, U238 h Equation E.III-96) and dairy products COnthhg 0.000555 pC% $i/g O f  U-238 (cd 

Substituting the appropriate parameter values for the beef ingestion scenario produces a lifetime 
ingestion via meat Cr, u238) of: 

Substituting the appropriate parameter values for the dairy product ingestion scenario produces a 
lifetime ingestion via dairy products &,, -) of: 

u238 = (0.000555 pC*)(300 w d ) ( 3 5 0  d/y)(70 y/iifetime) (Em-99) 
u2uI = (4079 pCi/lifetime) 

Because the exposure models used in this scenario respond linearly to changes in concentration, each 
additional pCi/g of U-238 in soil will produce an incremental lifetime intake of 340 pCi of U-238 via 
the beef ingestion pathway and an intake of 4079 pCi of U-238 via the dairy ingestion-pathway. 

The ILCR to this receptor for this pathway from this radionuclide is: 

where 

U238 or u238 = ILCR from ingestion of h f  or dairy products (r/lifetime) 
= Slope factor for ingestion of constituent "i" (r/pCi) SFing i 

(Em-100) 

The relationship between soil concentration and risk for this receptor, pathway, and radionuclide is 
determined by substituting the lifetime intake of U-238 fkom consumhg beef and dairy products 
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1 calculated by Equations E.III-98 and E.III-99 and the USE ingestion slope factor, 2.8 x 10'" r/pCi, for 
SFhs into Equation E.III-100. This yields: 

Beef: 
= (2.8 x 10'" r/pCi)(340 pCi/lifetime) 

ILQ~, - = 9.5 x lo4 r-m-lifetime 

Dairy: 
ILCR,, m8 = (2.8 x lo-'' r/pCi)(4079 pCi/lifetime) 
ILCR,, m8 = 1.1 x r-mi-lifetime 

(E-III. 1 0 1 ) 

(E-III. 102) 

The exposure models used in this scenario respond linearly to changes in concentration. Therefore, 
each additional pCi/g of U-238 in soil will produce an incremental lifetime cancer risk of about 1 x 
10-8 via the beef pathway, and 1 x via the milk pathway. 

E.IlI.45 Direct Radiation ExDosure 
Since the publication of the Risk Assessment Work Plan Addendum, EPA has published a new set of 
slope factors. Changes in these slope factors require the use of a different equation to calculate risks 
resulting from external radiation exposures from soils than the one originally presented in the Risk 
Assessment Work Plan Addendum. The new equation is: ) 

IUJR, = SF,, x C, x ED x EF x CF x [ET, x (1-Si) + ET,, x (1-SJ] ' (Em-103) 

where 

Incremental Lifetime Cancer Risk eCR/lifetime) 
concentration in surface soil @Ci/g) 
HEAST Slope Factor (fLCX - g/pCi -y) 
exposure duration Qflifetime) 
exposure frequency (d/y) 
exposure t h e  indoors on-site (h/d) 
exposure time outdoors on-site (h/d) 
indoor shielding factor (0.5, from Risk Assessment Work Plan Addendum) 
outdoor shielding factor outdoors (0, assumes no shielding) 
m760 YP 

The risk to an on-property resident RME directly attributable to U-238 in soil is the example 
calculation. In this calculation, exposure duration (ED) is 70 years, and the exposure frequency is 350 
days per year (EF = 350 d/y). The exposure time for outdoor activities assumes the resident is 
outdoors 2000 hours out of a 350 day year (ET,, = 2000 h/350 d). The exposure time for indoor 
activities is the remainder of the time available (ET, = 24 4 d  - ET,,). The value for the indoor 

1 
I S "  

@g31 
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28 
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31 

32 

33 
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shielding factor (Si) is 0.5, and the value for the outdoor shielding factor (SJ is 0. Substituting these 
parameters into Equation Em-103 yields: 2 

DLCR, = (Spa1 ~gX7~/lif&~)(335od/Y)(y/8760 h) x ((18.3 b/dX1-05)+(5.7 h/d)(l-O.O)] (Em-104) 3 

4 = 150 x lod rue t ime 

Because the exposure models used in this scenario respond linearly to changes in concentration, each 

1.50 x lod rue t ime via the direct exposure pathway. 

5 

6 

7 

additional pCi/g of U-238 in soil will increase the source strength by 41.5 pCi-y/g-life and the risks by 

E.m.4.6 Calculation of Aamgate Risks For On-ProDerhr Resident from All Soil Pathways 
In this scenario, a hypothetical resident ingests contaminated dirt, and crops, beef, and milk grown in 
or on contaminated soil. The receptor also receives e;xposures from direct dermal contact and direct 
irradiation. The total risks to the on-property resident Rh4E exposed to soil h m  these pathwaysmay 

8 

9 

10 

11 

be calculated as: 12 

where 

incremental Lifetime Cancer Risk (risk of cancer incidence/lifetime); 
incremental Lifetime Cancer Risk from direct radiation (risk of cancer 
incidence/lifetime). 
unit intake from soil @Ci/lifetime); 
unit intake from ingesting vegetables and fruit @Ci/lifetime); 
unit intake from ingesting meat @Ci/lifetime); 
unit intake from ingesting dairy products @Ci/lifetime); 
unit intake from absorption during dermal contact @Ci/lifetime); and 
HEAST slope factor for ingestion of constituent i (r/pCi). 

(Em-105) 13 

14 

1s 

16 

17 

18 

19 

2o 

21 

22 

27 

The intake by this hypothetical receptor for each pCi/L of U-238 in soil frm each of these pathways 
has beem calculated in Sections E.IlI.4.1 though E.IU.4.4. The ILCR from external exposure to direct 
radiation is presented in Section EJIL4.5. Substituting these values into Equation E.IIl-93, along with 

20 

2s 

26 

the appropriate HEAST Slope Factors for ingestion and inhalation of uranium, yields: n 

JLcKvilm = { [(4,410 pCi/lifetime) + (1 1,956 pCi/lifetime) + (340 pCi/lifetime) 28 

29 + (4,079 g/lifetime)] x 2.8 x lU"r/pCi) 
+ ((415 pCi-y/g-life)(3.6 x 108 r-g/y-pCi)] " I  (E.III-106) 
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1 

The exposure models used in this scenario respond linearly to changes in concentration. Therefore, 
each additional pCi/g of U-238 in soil will produce an incremental lifetime cancer risk of about 2 x 
lod r-gipCi-lifetime to te RME resident farmer soil from all direct exposure pathways investigated. 

2 

3 

4 

0923 
E.m-37 ’ 



TABLE E.III-1 

PARAMETERS USED IN EXPOSURE PATHWAY MODELS 

Water - Fish Soil - Forage Soil - Crop Plant - Beef Plant - Meat 
Constituent Isd 4l Ad BviW Bri(2) FU PrnI 

Radionuclide mu! (h-9 (hr-9 (Qg) (unitless) (unitless) (d/g) (d/mL) 

Am-241 

Ca-137 + 1 dtr 

Np-237 + 1 dtr 

Pb-210 + 2 dtrs 

Pu-238 

Pu-239f240 

Ra-226 + 5 dtrs 

Ra-228 + 1 dtr 

Ru-106 + Rh-106 

Sr-90 + 1 dtr 

Tc-99 

Th-228 + 7 dtrs 
c 
00 

Th-230 

Th-232 

'?' Th-232 + 10 dtrs c* 
;\,> U-233 

IJh u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

8.40 x Id 

1.81 x Id 
5.50 x 10' 

3.oox Id 

1.70 x Id 

1.70 x Id 

6.96 x Id 

6.96 x Id 

8 . 0 0 ~  Id 
1.00 x 10' 

1.18 x lo-' 
5.80 x Id 
5.80 x Id 

5.80 x Id 
5.80 x I@ 

1.2 x Id 

1.2 x 10' 

1.2 x 10' 

1.2 x 10' 

2.33 x 10' 

1.08 x 10' 

3.55 x lo4 
6.52 x 10' 

1.15 x 10' 

1.15 x lo-' 
2.81 x lo-' 

2.81 x 10' 

2.44 x lo-' 

1.93 x lo5 

8.45 x lo4 
3.37 x 10' 

3.37 x 10' 

3.37 x l o 8  
3.37 x 1W8 

1.61 x 10' 

1.61 x l o 5  

1.61 10-~ 

1.61 x l o 5  

1.83 x 16' 

2.62 x lo4 
3.70 x lo-'' 

3.55 x 10-6 

9.02 x lo-' 
3.28 1 0 9  

4.95 x 10-9 

1.38 x 10' 

7.84 x lo-' 

2.77 x lo4 

3.71 x 10" 

4.14 x 10' 

1.03 x lC9 

5.63 x 10'' 

5.63 1015 

4.97 x 10'0 

3.24 x 10" 

1.12 10-13 

1.77 x lQ" 

2.5 x 101 

2.0 x loo 

1.0 x 1 0 2  

1.0 x 10' 

2.5 x 1 0 2  

2.5 x 1u2 

5.0 x 1 0 2  

5.0 x 1 0 2  

1.0 x 1 6 2  

3.0 x lo2 
1.5 x lo2 
3.0 x lo2 
3.0 x 1U2 

3.0 x 10' 

3.0 x lo-' 
2.0 1 0 3  

2.0 103 

2.0 103 

2.0 1 0 3  

5.5 1 0 3  

1.0 x 10' 

4.5 x 1 0 2  

4.5 x lo' 

4.5 x 104 

1.5 x lo2 
1.5 x lo2 
7.5 x 1 0 2  

2.5 x loo 
9.5 x loo 

8.0 x lo2 

8.5 x lo' 

8.5 x 104 

8.5 x 104 

8.5 x lo' 
8.5 x lU3 

8.5 x lo3 
8.5 x lo3 
8.5 x 10'' 

2.4 x lo' 

3.0 x 1U2 

1.0 x 1 0 2  

9.0 1 0 3  

4.5 1 0 5  

4.5 x 10' 

1.5 1u3 

1.5 1 0 3  

2.0 x lo2 
2.5 x 10' 

1.5 x loo 

8.5 1 0 5  

8.5 1 0 5  

4.0 103 

4.0 1 0 3  

4.0 103 

4.0 1u3 

8.5 x lo5 

8.5 x 16' 

3.5 109 

2.0 x 10s 

5.5 x loE 
3.0 x 10' 

5.0 x 10'0 

5.0 x 10'O 

2.5 x 10' 

2.5 x 10' 

2.0 x lo6 
3.0 x 10' 

8.5 x 106 

6.0 1 0 9  

6.0 109 

6.0 109 

6.0 109 

2.0 10-7 

2.0 1 0 7  

2.0 x 10' 

2.0 107 

2.0 x 108 

4.0 x 100 

7.0 x la6 

5.0 109 

5.0 109  

2.5 1 0 7  

1.0 x 1 0 ' O  

1.0 x 10'0 

4.5 x 10' 

4.5 x 10' 

6.0 x 10" 

1.5 x 1 0 6  

1.0 1 0 5  

5.0 1 0 9  

5.0 109 

5.0 1 0 9  

5.0 109 

6.0 x 10' 

6.0 x 10' 

'NUREGICR-35985 
%ace and Sharp, 1984 

f 



TABLE E.III-1 
(Continued) 

Water - Fish Soil - Forage Soil - Crop Plant - Beef Plant - Meat 
Constituent Kd L All PPI B W  B w  FIJI Pd 

Antimony 

A f S C N C  

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Cyanide 

Lead 

Manganese 

Memry 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

Uranium 

VanadiUm 

zinc 

2.5 x 10' 

2.0 x Id 

1.1 x Id 
1.3 x Id 
3.0 x loo 

5.1 x Id 
1.5 x Id 
5.5 x Id 
1.3 x Id 

NA 

3.0 x Id 
1.8 x Id 
1.0 x IO' 

9.0 x Id 
6.5 x Id 
7.4 x Id 
1.8 x Id 
1.5 x Id 

2.5 x Id 
1.2 x 10' 

1.0 x Id 
2.4 x Id 

1.2 107 

1.5 1 0 7  

2.6.x 10' 

2.3 x IO' 

9.3 x I O 6  

5.9 x 10' 

2.0 x 10' 

5,4 x 10' 

~ 4 . ~  1 0 7  

9.9 109 

1.6.~ 10' 

3.3 io7 

NA 

2.9 x lo4 

4.6 x 10' 

4.0 x 10' 

1.6 io7 

2.0 x 10-8 

1.2 1u7 

6.6 x 10' 

3.0.x lo8 

1.2 x 1 0 8  

0.0 x loo 
0.0 x loo 
0.0 x I6 
0.0 x loo 

0.0 x loo 
0.0 x loo 
0.0 x loo 

0.0 x loo 
0.0 x loo 

0.0 x loo 
0.0 x 16 

0.0 x loo 

0.0 x loo 
0.0 x 16 

0.0 x loo 
0.0 x loo 

0.0 x loo 
0.0 x loo 
0.0 x loo 

0.0 x 109 

0.0 x loo 

0.0 x loo 

1.0 x loo 
4.4 x lo' 

NA 

1.9 x lo' 
NA 

8.1 x Id 
1.6 x 10' 

NA 

2.0 x Id 
0.0 x 1dD 

4.9 x lo' 
NA 

5.5 x Id 
NA 

4.1 x 10' 

1.6 x 10' 

3.1 x Id 
NA 

3.0 x Id 
NA 

NA 

4.7 x 10' 

2.0 x 10' 

4.0 x 10' 

1.5 x 10-1 

1.0 x 10' 

4.0 x loo 
5.5 x 10' 

7.5 10" 

2.0 x 10' 

4.0 x lo-' 
2.4 x 10' 

4.5 x 10' 

2.5 x lo-' 

9.0 x 10" 

2.5 x 10' 

6.0 x 10" 

2.5 x 10' 

4.0 x 10' 

4.0 1 0 3  

8.5 x 10-~ 

5.5 1 0 3  

3.0 x 10' 

1.5 x loo 

3.0 x 10' 

6.0 1v3 
1.5 x 10' 

1.5 1 0 3  

2.0 x loo 
1.5 x 10' 

4.5 1 0 3  

7.0 103 

2.5 x 10' 

2.4 x 10' 

9.0 1 0 3  

5.0 x 10' 

2.0 x 10' 

6.0 x 10' 

6.0 x IO' 

2.5 x 10' 

1.0 x 10' 

4.0 x 104 

6.0 1 0 3  

4.0 1u3 

3.0 1 0 3  

9.0 x 10' 

1.0 1 0 3  

2.0 1 0 3  

1.0 x 10-3 

1.5 x IO4 

8.0 x lo4 
5.5 x 10-4 

5.5 10-3 

2.0 x 10' 

1.0 x 10' 

5.6 x 10' 

3.0 x lo4 
4.0 x lo4 

2.5 x 10' 

6.0 x io3  

6.0 i o 3  

1.5 x 10' 

3.0 io3  

4.0 x 10' 

8.0 x 10' 

2.0 x IO4 

2.5 1 0 3  

1.0 x 10' 

1.0 x lo-' 

6.0 x 10' 

3.5 x 104 

9.0 1 0 7  

1.5 1 0 3  

1.0 1 0 3  

1.5 10" 

2.0 1 0 3  

1.5 1 0 3  

1.8 x 10' 

2.5 x lo-' 
3.5 x lV 
4.5 x 104 

1.5 1 0 3  

1.0 1v3 
4.0 1 0 3  

2.0 x 10' 

2.0 1 0 3  

1.0 1 0 3  

2.0 x los 

1.0 x 10' 

6.0 x 104 



w 
TABLE E.III-1 

(Continued) 

Constituent 
Soil - Crop Plant - Beef Plant - Meat Watn - Wah soil - 

Isa n, hi Ffl Forage B W  Fbl Fd 
Bvi,,, 

1 ~,3.7.8-Pentschlolodibenzofuran 

2,3.4,7.8-P~t~hl010diblarodibenzofuran 

2.3.7.8-T~~~hl0dodibcnzofuran 

2,4,5-'Qnchloropheno1 

r? 2-Methylnaphthalene CL? c. 

4 - u  4,4-DDT. 
a> 

._ , ~ 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthtnc 

Acenaphth ylene 

Anthracene 

Arocl~r- 101 6 

Aroclor-1221 

Aroclm-1242 

Aroclor-1248 

Arocl~r-1254 

Aroclor- 1260 

B c m n e  

Benzo(a)anthracene 

Bcnzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(ghi)perylene 

Benzo(k)€luoranthene 

1.8 x 1$ 

1.8 x lob 

1.8 x lob 
1.0 x Id 
1.4 x Id 
3.0 x lo' 
4.7 x 10' 

1.6 x 16 
1.6 x Id 
2.3 x ld 
5.4 x Id 
4.6 x Id 
2.4 x Id 
2.5 x Id 
1.1 x lo' 
2.1 x lo' 
2.5 x lo' 
2.6 x la 
7.7 x Id 
1.8 x lo' 
7.1 x lo' 
3.3 x Id 
1.3 x Id 

1.6 x 10'' 

1.6 x 10" 

1.6 x 10'' 

2.9 x 10' 

2.1 x 10' 

1.0 109 

4.4 10 5  

1.7 1 0 5  

1.3 10' 

5.5 x 10' 

1.3 107 

1.2 x 10' 

2.7 109 

1.4 109 

1.2 109 

1.1 1 0 5  

3.9 x 109 

1.6 109 

1.9 x 10' 

6.4 x 10' 

4.2 x 10" 

9.1 x 10'' 

2.2 x 10'O 

2.6 x 104 
2.6 x 104 
2.6 x 104 
1.6 1 0 5  

NA 

5.0 x lob 
NA 

2.9 103  

7.1 10 5  

1.2 x 104 
1.6 x 10' 

NA 

NA 

NA 

NA 

NA 

NA 

4.0 1 0 5  

1.0 1 0 5  

1.0 1 0 5  

1.2 ius 
1.1 1 0 5  

3.3 x lo6 

NA 

NA 

NA 

4.0 x ld 
5.1 x Id 
5.4 x le 
6.8 x 1$ 

1.6 x 10' 

2.4 x Id 
7.3 x Id 
1.4 x Id 
1.0 x Id 
1.0 x Id 
7.8 x Id 
7.1 x lo' 
1.0 x Id 
1.9 x Id 
5.2 x loo 

1.1 x lo' 
2.1 x 104 
5.8 x 104 

1.8 x Id 
9.3 x lo' 

1.5 x 10' 

1.5 x 10' 

1.5 x 10' 

2.7 x 10" 
2.3 x 10' 

1.6 x 10' 

6.1 x 16 
3.1 x 16 
2.1 x 10' 

1.7 x 10' 

2.7 x 10' 

1.1 x 10' 

1.7 x 1U' 

1.6 x 10' 

1.8 x 10 2  

1.7 x 10' 

1.1 x 1u2 

2.3 x 16 
2.2 x lo2 
5.6 x 10' 

6.2 1 0 3  

2.6 1 0 3  

4.3 1 0 3  

1.5 x 10' 

1.5 x 10' 

1.5 x 10' 

2.7 x 10' 

2.3 x 10' 

1.6 x 10' 

6.1 x 16 
3.1 x 16 
2.1 x 10' 

1.7 x 10' 

2.7 x 10' 

1.1 x 10' 

1.7 x 10' 

1.6 x 10' 

1.8 x 102 

1.7 x 10' 

1.1 x 1 0 2  

2.3 x 1$ 

2.2 x 10 2  

6.2 1 0 3  

2.6 1 0 3  

4.3 1 0 3  

5.6 x 10' 

2.8 x 10' 

2.8 x 10' 

2.8 x 10' 

1.3 x lo' 
1.8 x lo' 
2.8 x 1U2 

6.3 x 10' 

2.0 x 106 

2.1 x 104 
3.0 x 1~ 

7.1 x lo' 
6.0 x lo' 
3.1 x lo' 
3.2 x lo' 
1.4 x 10' 

5.3 x 10 2  

3.2 x 10' 

3.4 x 1w6 

1.0 x lo2 
2.4 x 10' 

9.3 x 10 2  

4.3 x 10' 

1.7 x 10' 

1.4 x 10' 

1.4 x 10' 

1.4 x 10' 

4.2 1 0 5  

2.4 1 0 3  

5.8 x 10' 

2.0 x 10' 

6.5 x 10' 

6.6 x 10' 

9.3 x 10' 

2.2 x la4 

9.8 10 5  

4.5 1 0 3  

1.9 x 104 

1.0 x la4 

1.1 x 1 0 2  

1.0 x 102 

1.1 x la6 
3.2 1 0 3  

I@ 
Nl 7.6 1 0 3  

3.0 x 10' 

1.4 x 10'- 

5.5 x lo2 



TABLE E.111-1 
(Con tinued) 

Water - Rsh soil - Soil - C r ~ p  Plant - B e t  Plant - Meat 
Constituent Isd %J 4i Pfl Forage B m  Pt4 

organic chemical mug (hf') (hf') (4%) (unitless) (unitless) (d/kg) (a) 
B W  

ChrySenC 

Dibenzo(a,h)anthxacene 

Dichlorodifluoromethane 

Pluoranthene 

Pluoine 

Heptachlorodibenzo-p-dioxin 

Heptachlorodibenzofuran 

H e ~ ~ ~ ~ h l ~ ~ d i b e n ~ ~ p - d i ~ ~ i n  

Hexachlorodibenwfuran 

l? Inden@ 1 f.3cd)pyrene 

Naphthalene 
El 
b 
c, 

Octachlorodibenzo-p-dioxin 

3 Octachlorodibenzofuran 

pa Pentachlorophenol ,u 
-? Phenanthrene 

Pyrene 

Tetruchlorocthenc 

Tributyl Phosphate 

Vinyl chloride 

7.7 x Id 

1.8 x lo' 

2.8 x 1 6  

4.1 x I d  

2.9 x Id 
8.4 x lo' 

1.8 x lob 

8.4 x lo' 

1.8 x 106 

8.8 x I d  

4.4 x 10' 

8.4 x lo' 

1.8 x lob 

2.0 x I d  

5.6 x I d  

2.9 x 10' 

6.5 x 1 6  

1.9 x I d  

7.6 x 10' 

3.9 109 

1.7 109 

7.3 109 

1.0 107 

1.0 x 10' 

3.5 x 10'O 

1.6 x 10" 

3.5 x l0'O 

1.6 x 10'' 

3.4 x 10" 

6.7 1 0 7  

3.5 x 10'O 

1.6 x 10" 

1.5 x los 
5.3 x 10' 

1.0 x lo8  

4.4 x lU6 

1.5 107 

1.1 x l o '  

7.1 x l@ 

7.5 x l@ 

4.0 x 10' 

1.6 x 10' 

1.2 x 104 

2.6 x l& 

2.6 x le 

2.6 x lo' 

2.6 x l@ 

1.0 x lcr' 

1.1 x le 

2.6 x la '  

2.6 x la4 
1.9 x 10' 

3.6 x 10' 

3.8 x 10-6 

1.8 x 10' 

1.6 x 10' 

1.0 x 10' 

1.1 x lo' 

2.0 x lo' 

2.6 x 10' 

1.2 x I d  

1.3 x ld 

NA 

NA 

NA 

NA 

3.9 x I d  

4.3 x I d  

NA 

NA 

7.7 x I d  

2.6 x I d  

1.4 x 1$ 

3.1 x 10' 

6.5 x 10' 

1.7 x ld 

2.2 x 10' 

1.4 x 10' 

2.2 x 1 6  

3.2 x 10' 

1.5 x 10' 

1.5 x 10' 

1.5 x 10' 

1.5 x 10' 

1.5 x 10' 

i s  103 

4.4 x 10' 

1.5 x 10' 

1.5 x 10' 

4.9 x 10' 

1.0 x 10' 

5.6 x 1 6  

1.3 x lCf 

1.9 x 10' 

1.7 x 10' 

2.2 x 10' 

1.4 x 10' 

2.2 x 1 6  

3.2 x 10' 

1.5 x 10' 

1.5 x 10' 

1.5 x 10' 

1.5 x 10' 

1.5 x 10' 

1.5 103 

4.4 x 10' 

1.5 x 10' 

1.5 x 10' 

4.9 x 1u2 

1.0 x 10' 

5.6 x 1 6  

1.3 x 16 

1.9 x 10' 

1.7 x 10' 

KO,s found in EPA, WERL Database, Rev. 2. 'Appendix D for radionuclides and inorganic chemicals. Por organics, calculate & from &. 
bCalculated from &. Methudology presented in "Risk Assessment Work Plan Addendum," DOE 1992. 
'%fer to Handbook of Environmental Degradation Rates, Howard, et al.. 1991, Lewis Publishers, Inc. 

1.0 x 1 0 2  

2.3 x 10' 

3.6 x lo6 
5.4 103 

3.8 x la'  

2.8 x 10' 

2.8 x 10' 

2.8 x 10' 

2.8 x 10' 

1.2 x 1 6  

5.8 x 10' 

2.8 x 10' 

2.8 x 10' 

2.6 103 

7.2 107 

7.2 x lo' 

8.5 x 106 

2.5 x la4 
1.0 107 

3.2 1 0 3  

7.4 x IO3 

1.2 x 1 0 6  

1.7 x IO3 

1.2 x 104 

1.4 x 10' 

1.4 x 10' 

1.4 x 10' 

1.4 x 10' 

3.6 x 10' 

2.0 x 104 

1.4 x 10' 

1.4 x l0' 

8.1 x :I@ 

2.3 x 104 

2.3 ,107 

7.9 1 0 5  

2.7 x IO6 

3.2 x 10' 

%or inorganics. refer to DeMinimw Waste Impacts Ana1ysis Methodology. NUREG/CR-3585. 1984. Por organics, Log BCP = 0.76 Log IC,,* - 0.23. Lyman, et al., 1982. 

A 

1 '  
b a 
Q 



TABLE E.II1-1 
(Continued) 

Tor inorganics, refer to Baes & Sharp, 1984. For organics, Log Fbi = -7.6 t Log Q, Travis & A r m s ,  1988. 
$or inorganics, refer to Baea & Sharp, 1984. For organics. Log F,, = 08.1 t Log Q. Travis & Arms, 1988. 
For inorganics, refer to Baes & Sharp, 1984. For organics, Log = 1.588 - 0.578 Log L, Travis & Arms. 1988. 
%or inorganics. refer to Baes & Sharp, 1984. For organics, B,(,, assumed equal to BdnY 

Legend: 

K,, - Water/soil Partitioning CoefFficient ( m u g )  

I,,- Chemical or Radioactive Decay Coefficient (h-1) 
Ftl - Bioconcentration Factor for Fish (Wg) 
Far - Biotransfer Pactor for Beef (day/kg) 
Fd - Biotransfer Factor for Milk (daykg) 

B,(,, - Soil-Crop Transfer Factor 

h, - Leaching Coefficient 01-1) 

c Bdo, - Soil-Porage Transfer Factor 

FBwoUl RJpK. 1229m.1p9-28-93n lopn 



TABLE E m - 2  

INTAKES - W I O W C L r n E S  (pbCi)* 
CURRENT CONDITIONS - AIR 

TRESPASSING CHILD UNDER CURRENT LAND 
USE WITHOUT ACCESS CONTROLS 

FEMP-01RI-4 DRAFI' 
October 12.1993 

Radionuclide 
Concentration 

(Pci/m3) Inhalation 

CS-137 + 1 dtr 

Np237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 & Pb-210 + 2 dtrs 

Ra-228 + 1 dtr 

Rn-222 + 4 dtrs 

. Sr-90+ 1 dtr 

Tc-99 

Th-228 + 7 d a  

Th-230 

Th-232 

u-234 

U-235 + 1 du 

U-238 + 2 dtrs 

2.9 x lo4 

1.4 x lo4 

1.1 x lo4 

3.7 x 10-~ 

3.4 x lo4 

4.9 x lo4 

2.5 

1.6 x 10" 

2.1 x 10-2 

1.2 10'~ 

1.9 

2.7 x lo4 

2.8 x 10' 

1.7 x loe2 

7.0 x lo-* 

6.0 x lo-' 

2.9 x lo-' 

2.3 x lo-' 

7.7 x 

5.6 x 10" 

7.0 x lo-' 

5.8 x 104 

1.0 x loo 

5.2 x loo 

3.4 x loo 

4.4 x 101 

2.5 x loo 

3.5 x 10' 

3.9 x loo 

1.5 x 102 

"Intakes calculated using concentrations in Table E.3-14 and exposure factors in Table E.3-16. 
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TABLE EJII-3 
INTAKES - CHEMICAL CARCINOGENS (mgflrg/day)' 

CURRENT CONDITIONS - AIR 
TRESPASSING CHILD UNDER CURRENT LAND 

USE WITHOUT ACCESS CONTROLS 

Concentration 
Chemical ( m a 3 )  Inhalation 

Amlor-1254 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Nickel 

4.0 107 

2.3 x 
1.4 x 10" 

1.7 x 10" 

4.1 x lo4 

8.5 x lo4 

7.5 x 10-l0 

2.6 x 
4.3 x 10'O 

3.2 1 0 - ~  

7.7 

1.6 x lo-* 

'intakes calculated using concenmtions in Table E.3-14 and exposure 
factors in Table E.3-16. 
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TABLE E.III-4 

INTAKES - TOXIC CHEMICALS (mg/kg/day)' 
CURRENT CONDfIlONS - AIR 

TRESPASSING CHILD UNDER CURRENT LAND 
USE WITHOUT ACCESS CONTROLS 

Chemical 
Concentration 

(mg/m3) Inhalation 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

chromium 

cobalt 

Copper 

Lead 
Manganese 

Molybdenum 

Nickel 

Silver 

Uranium 

Vanadium 

Zinc 

7.8 x 10" 

1.4 x 10" 

1.6 x 10-~ 

2.3 x 107 

1.7 x 10" 

4.1 x 10" 

3.0 x 10" 

4.9 x 10" 

4.5 x 10" 

1.2 x 10" 

2.5 x 10" 

1.6 x lo4 

8.5 x 10" 

1.5 x 10" 

5.6 x 10" 
1.3 x 10" 

8.6 x 

1.5 x 

1.8 x 10-~ 

2.5 x 

1.9 x 

4.5 x 

3.3 x 

5.4 x 

5.0 x 

1.8 x 10" 

1.3 x 

9.4 x 

2.8 x l o 8  

1.7 x lo-* 

6.2 x 

1.4 x 

FEMp-OlRM DRAFI' 
October 12,1993 

'Intakes calculated using concentratjons in Table E.3-14 and exposure factors in Table E.3-16. 
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TABLE E m - 5  

INTAKES - RADIONUCLIDES (pCi)'i - 
TRESPASSING CHILD UNDER CURRENT LAND 

USE WITHOUT ACCESS CONTROLS 

CURRENT CONDITIONS - SURFACE SOIL 

Radionuclide 
Concentration 

(Pew Ingestion 

CS-137 + 1 dtr 

Np237 + 1 dtr 

PU-238 

PU-2391240 

Ra-226 + 8 dtrs 

Ra-228 + 1 dtr 

Sr-90+ 1 du 

.T~-99 

Th-228 + 7 dtrs 

Th-230 

Th-232 

u-234 

U-235 + 1 dtr 

U-238 + 2 d a  

1.0 x 10' 

5.0 x lo-' 

3.8 x lo-' 

1.3 x lo-' 

9.5 x lo-' 

1.2 x 10' 

1.7 x 10' 

8.7 x 10' 

5.5 x 10' 

7.5 x 10' 

4.3 x 10' 

6.0 x 10' 

6.8 x 10' 

2.4 x I d  

1.6 x 10' 

7.8 x 10' 

5.9 x 10' 

2.0 x loo 

1.5 x 10' 

1.9 x 10' 

2.7 x 10' 

1.4 x 102 

8.6 x 10' 

1.2 x I d  

9.4 x 102 

1.1 x 102 

3.7 x Id 

6.7 x 10' 

ahtakes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-16. 

. . .  
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TABLE E.III-6 

INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 
CURRENT' COPJPPPTIONS - SURFACE SOIL 

TRESPASSING CHILD UNDER CURRENT LAND USE 
WITHOUT ACCESS CONTROLS 

FEMP-OlRI4 DIWT 
Octoba 12.1993 

Chemical 
Concentration Dermal 

Contact Ingestion (mg/kg) 

Aroclor-1254 

Arsenic 

Beryllium 

Chromium 

1.4 x 100 9.1 x 10'~ 2.0 x IO8 

8.0 x IO-' 1.7 x lo8 1.1 x 

1.43 x 10' 3.1 io7  2.0 x 10' 

4.9 x loo 1.1 x 1 0 8  7.0 x 

a Intakes calculated using mncenWons in Table E.3-3 and exposure factors in Table E.3-16. 

0933 
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TABLE E.IIt-7 

INTAKES - TOXIC CHEMICALS (mg/kg/day)* 
CURRENT CONDITIONS - SURFACE SOIL 

TRESPASSING CHILD UNDER CURRENT LAND USE 
WITHOUT ACCESS CONTROLS 

Chemical 
Concentration Demal Ingestion 

(mg/kg) Contact of soil 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 
Manganese B Molybdenum 

Nickel 

Silver 

Uranium 

Vanadium 

Zinc 

2.72 x 10' 

4.90 x loo 

5.69 x 10' 

8.00 x 10' 

5.80 x 1 0  

1.43 x 10' 

1.04 x 10' 

1.70 x 10' 

1.59 x 10' 

5.74 x le 

4.30 x loo 

2.94 x 10' 

5.22 x 10' 

8.90 x 1 0  

1.96 x 10' 

4.67 x 10' 

3.4 x 10" 

6.2 x 1U8 

7.2 x 10" 

1.0 1u7 

7.3 x 

1.8 x 10" 

1.3 x 10" 

2.1 1 0 7  

2.0 x 10" 

7.2 x 

5.4 x 10-~ 

1.8 

1.1 x 10" 

2.5 x 
5.9 x 10" 

6.6 x 10" 

2.3 x 10" 

4.1 10-~ 

4.7 x 10" 

4.8 10-~ 

1.2 x 10" 

6.6 x 

8.6 x 
1.4 x lo4 

1.3 x 10" 

4.8 10-~ 

3.6 x 

7.4 10-7 

2.4 x 10" 

4.3 x 10" 

3.9 x 10" 

1.6 x 10" 

'Intakes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-16. 



FEMP-01RI4 DRAFT 
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TABLE E.III-8 

INTAKES - RADIONUCLIDES @Ci)' 
CURRENT CONDITIONS - AIR 

VISITOR UNDER CURRENT LAND USE WITH ACCESS CONTROLS 

Radionuclide 
Concentration 

(pci/m3) Inhalation 

CS-137 + 1 dtr 

Np237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 & Pb-210 + 2 dtrs 

Ra-228 + 1 dtr 

Rn-222 + 4 dtrs 

Sr-90 + 1 dtr 

Tc-99 

Th-228 + 7 dtrs 

Th-230 

Th-232 

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

2.9 x lo4 

1.4 x 10" 

1.1 x lo4 

3.7 x 10-~ 

3.4 x lo4 

4.9 x lo4 

2.5 10-~ 

1.6 10" 

1.2 x 10-~ 

2.7 x 10" 

2.8 x 10' 

2.1 x 

1.7 x 

7.3 x loo 

3.5 x loo 

9.3 x lo-' 

8.5 x loo 

1.2 x 10' 

2.8 x 1$ 

6.8 x loo 

7.0 x I d  

6.3 x 10' 

4.0 x 10' 

5.3 x I d  

4.3 x I d  

3.0 x 10' 

1.9 4.8 x 10' 

7.0 x 1.8 x I d  

'Intakes calculated using concentrations in Table E.3-14 and exposure factors in 
Table E.3- 16. 
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TABLE E.III-9 

INTAKES - CHEMICAL CARCINOGENS (mglkdday)' 
CURRENT CONDITIONS - AIR 18% 

MSITOR UNDER CURRENT LAND USE WITH ACCESS CONTROLS 

Chemical 

~ 

Concentration 
(mg/m3) Inhalation 

Aroclor-1254 

Arsenic 

Beryllium 

Cadmium 

Chromium 
Nickel 

4.0 x 5.6 10-9 

1.4 x 10" 2.0 x 

2.3 x 10-~ 3.2 1 0 - ~  

4.1 x 10" 5.7 x 

8.5 x 10" 1.2 

1.7 x lob 2.4 x l o 8  

'Intakes calculated using mncentrarjons in Table E.3-14 and exposure factors in 
Table E.3- 16. 

E-IU-50 
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INTAKES - TOXIC CHEMICALS (mgflrg/day)' 
CURRENT CONDITIONS - AIR 

VISITOR UNDER CURRENT LAND USE WITH ACCESS CONTROLS 

Chemical 
Concentration 

(mg/m3) Inhalation 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 
Chromium 

Cobalt 

Copper 
Lead 
Manganese 

Molybdenum 

Nickel 

Silver 

Uranium 

Vanadium 
Zinc 

7.8 x lo4 

1.4 x 1 0 6  
1.6 x 
2.3 x 1 0 - ~  

1.7 x lo4 

4.1 x lo4 

3.0 x lo4 

4.9 x lo4 

4.5 x 10-6 

1.2 x lo4 

2.5 x lob 

1.5 x lo4 

1.6 x lo4 

8.5 x lo4 

5.6 x lob 

1.3 x lo4 

3.0 x 

5.5 x lo-' 

6.3 1 0 - ~  

9.0 

1.6 1 0 - ~  

1.2 1v7 

1.9 

1.8 1 0 - ~  

4.7 x lo-' 

3.3 1 0 - ~  

5.9 x lo-' 

2.2 x 1 0 - ~  

6.6 x lo-' 

6.3 x lo4 

9.8 x lo'' 

5.1 x 10" 

'Intakes calculated using concentrations in Table E.3-14 and exposure factors in 
Table E.3- 16. 
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TABLE E.m-11 *. - 
INTAKES - RADIONUCLIDES @Ci-ydg) BL 

CURRENT CONDITIONS - SURFACE SOIL 
VISITOR UNDER CURRENT LAND USE WITH ACCESS CONTROLS 

Radionuclide 
Concentration External 

(PCW Exposure 

CS-137 + 1 dtr 

Np-237 + 1 dtr 

€9.1-238 

Pu-239~240 

Ra-226 + 8 dtrs 

Ra-228 + 1 dtr 

Sr-90 + 1 dtr 

TC-99 

Th-228 + 7 dm 

Th-230 

Th-232 

u-234 

U-235 + 1 dtr 

U-238 + 2 dhs 

1.ox loo 

5.0 x lo-' 

3.8 x lo-' 
1.3 x lo-' 

9.5 x lo-' 

1.2 x 1$ 

1.7 x l$ 

8.7 x 100 

5.5 x 1$ 

7.5 x 10' 

4.3 x 100 
6.0 x 10' 

6.8 x 1$ 

2.4 x IC? 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

*No intakes calculated. Risks are calculated directly from soil 
concentrations for this pathway. 

g338 
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TABLE Em-12  

INTA!!!!S - RADIONUCLIDES @Ci)' 
CURRENT CONDITIONS - AIR 

OFF-PROPERTY RME ADULT UNDER ALL LAND USES 

w-- 4%37 

Ingestion of 
Concentration Vegetables Ingestion Ingestion 

Radionuclide (pCm3) - Inhalation andFruit ofMeat ofMillr 

CS-137 + 1 dU 

Np237 + 1 du 

Pu-238 

Pu-239/240 

Ra-226 & Pb-210 +2 dus 

Ra-228 + 1 du 

Rn-222 + 4 dtrs 

Sr-90 + 1 dtr 

Tc-99 

Th-228 + 7 dtrs 

Th-230 

Th-232 

u-234 

U-235 + 1 dU 

U-238 + 2 d a  

2.5 

1.2 10-~ 

9.5 x lo4 

2.4 10-~ 

3.0 10-~ 

4.2 10-~ 

2.2 x 10" 

1.9 x 10'~ 

1.1 x 10" 

1.5 10" 

6.2 x 10" 

3.2 x lo4 

2.3 x le 

1.4 x 10" 

1.7 x 10" 

2.9 x 10' 

1.4 x loo 

1.1 x 10' 

4.7 x 10' 

1.9 x 10' 

1.4 x 10' 

3.7 x lo-' 

3.5 x loo 

4.9 x roo 

4.7 x loo 

4.4 x 10' 

7.9 x 10' 

2.8 x 10' 3.9 x 10' 

2.7 x Id 0.0 x loo 

2.6 x 10' 

1.6 x 10' 

2.2 x 102 

1.3 x 10' 

1.7 x 102 

3.4 x le 

2.0 x Id 
2.8 x Id 

1.6 x ld 

2.2 x I d  

2.0 x 10' 2.5 x 102 

7.2 x 102 9.1 x I d  

8.3 x 10' 

1.1 x lo-' 

5.0 x 10" 

3.7 x 10" 

1.6 x loo 
6.1 x lo-' 

0.0 x loo 

4.8 x loo 

2.0 x 102 

3.4 x loo 

2.0 x 10" 

2.5 x 10' 

1.0 x 102 

6.1 x lo-* 

2.8 x 1$ 

1.2 x 102 

3.9 x 

4.0 x 10" 

2.9 x 10" 

1.2 x 10' 

4.4 x l0-O 

0.0 x loo 

9.5 x 10' 

2.1 x lo-' 

1.1 x 10' 

2.9 x 102 

3.3 x 10' 

1.2 x Id 

9.6 x 102 

6.5 x lo-' 

'Intakes calculated using concentrations in Table E.3-14 and exposure factors in Table E.3-16. 



FEMP-OlRI4 D W  
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TABLE E.III-13 

INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 
CURRENT CONDITIONS - AIR 

OFF'-PROPERTY RME ADULT UNDER ALL LAND USES 

Ingestion of 
Concentration Vegetables Ingestion Ingestion 

Chemical (mglm') Inhalation andFruit of Meat of Milk 
~ 

Aroclor-1254 3.5 x 2.3 x lo-' 3.1 x 9.3 x 7.9 x 
Arsenic 1.2 l o 7  7.8 x 10" 1.2 10-~ 3.3 x 4.0 lo-' 
Beryllium 2.0 l o 8  1.3 io-' 1.9 l o 8  3.7 10' 1.3 IO-" 
Cadmium 1.5 10-~ 9.7 x lo-' 1.3 lo6 1.7 x io-' 1.2 10" 

Chromium 3.6 10" 2.3 x 4.7 10-~ 3.5 x 10-~ 3.9 10- ~  

Nickel 7.4 x 4.8 x lo8 3.4 x lo6 1.6 x 10" 1.1 x 10" 

'Intakes calculated using concentrations in Table E.3-14 and exposure factors in Table E.3-16. 



' FEMP-OlRI4DlWT 
October 12,1993 

INTAKES - TOXIC CHEMICALS (mg/kg/day)' 
cmmm COPTIIPTIONS - AIR 

OFF-PROPERTY RME ADULT UNDER ALL LAND USES 

Ingestion of 
Concentration Vegetables Ingestion Ingestion 

Chemical (mg/m') Inhalation and Fruit of Meat of Milk 

Antimony 

Arsenic 

BariW 

Beryllium 

Cadmium 

Chromium 

cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Silver 

UraniUm 

VanadiUm 

Zinc 

6.8 x 

1.2 x 10-~  

1.4 x 10" 

2.0 x 

1.5 107 

3.6 10-~ 

2.6 

4.2 x 10-~ 

4.0 x 10-~  

1.4 x 10" 

1.1 10-~  

7.4 x 
2.2 1 0 - ~  

4.9 x 
1.2 x 

1.3 x 10" 

4.4 x 10-8 

7.8 109 

1.3 

9.7 

9.1 x lo8 

2.3 x 

1.7 x 

2.7 x lo8 

2.6 x 

9.1 

7.1 109 

4.8 x 10-8 

1.4 x 
8.4 x lo8 

3.2 x l o 8  

7.8 x 

9.8 x 10'~ 

1.2 10-7 

3.1 x 10" 

1.9 x 

1.3 x 10" 

4.78 x 10-~ 

3.1 x 10-~ 

8.2 10-~ 

2.5 x 

1.5 x 
3.4 x rob 
5.9 lo-' 

1.1 x 10" 

5.2 x 
1.4 

1.7 x 10" 

2.4 10-~  

2.3 

3.7 

1.7 

3.5 x 
8.4 

3.3 x 

1.8 x 10" 

7.0 x lo8 

2.2 x 10" 

1.4 x 10" 

3.9 

1.2 x lo8 

1.7 

1.6 x 10" 

1.7 x 10' 

9.7 x 

4.0 

2.2 x 10" 

1.2 x 10" 

3.9 lo7 

3.4 

1.1 x 10" 

2.3 

7.7 x 10" 

1.4 

1.1 x 10" 

1.0 x 10-~ 

1.4 10'~ 

5.5 10-~  

6.7 10 -~  

1.3 x lo-" 

*Intakes calculated using concentrations in Table E.3-14 and exposure factors in Table E.3-16. 



FEMP-OlRI4 D W  
8 October12.1993 

TABLE EXI-15 
ib INTAKES - RADIONUCLIDES (pCi)' 

CURRENT CONDITIONS - SURFACE SOIL 
OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS 

UNDER CURRENT LAND USE 

~ ~ ~ _ _ _ _  

Concentration Ingestion Ingestion 
Radionuclide (Pci/g) of Meat of Milk 

CS-137 + 1 dtr 

Np-237 + 1 dtr 

Pu-238 

Pu-2 391240 

Ra-226 + 8 dtrs 

Ra-228 + 1 dtr 

Sr-90 + 1 dtr 

TC-99 

Th-228 + 7 dtrs 

Th-230 

Th-232 

u-234 

U-235 + 1 dtr 

U-238 + 2 dm 

1.0 x 1$ 

5.0 x lo-' 

1.6 x 16 

2.8 x Id 
3.8 x lo-' 

9.5 x 10" 

1.7 x 1$ 

1.8 x lo-' 

5.5 x Id 

1.2 x 1 6  

1.3 x lo-' 6.2 x 

1.2 x 100 6.7 x I d  

8.7 x 1$ 

5.5 x loo 

6.5 x lo7 

3.2 x 10' 

7.5 x 10' 

6.0 x 10' 

4.5 x ld 

2.0 x 104 

4.3 x 1$ 2.6 x 10' 

6.8 x 1$ 

2.4 x 1 d  

2.3 x ld 

8.2 x 104 

2.3 x 1 6  

1.0 x I d  

1.5 x lo-' 

3.9 x I d  

4.9 x Id 

5.0 x 

2.3 x 1$ 

3.0 x 10' 

1.1 x I d  

1.5 x ld 

8.6 x 10' 

2.4 x I d  

2.8 x 104 

9.8 x I d  

'Intakes calculated using concentrations in Table E.3-3 and exposurr: factors in 
Table E.3- 16. 

E-III-56 



TABLE E.IIl-16 

INTAKES - CHEMICAL CARCINOGENS (mg/kglday)" 
CURRENT CONDITIONS - SURFACE SOIL 

OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS 

€E==- 4g8T 

UNDER CURRENT LAND USE 

FEMP-OlRI4 DRAFT 
October 12.1993 

Chemical 
Concentration Ingestion Ingestion 

(mg/kg) of Milk of Meat 

Aroclor- 1254 1.4 x loo 8.7 1.0 x lo4 

Arsenic 4.9 x loo 3.0 x IOd 2.5 x 10" 

Beryllium 8.0 x lo-' 3.0 10'9 8.2 io-' 

pntakes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-16. 
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I 

TABLE EN-17 

INTAKES - TOXIC CHEMICALS (mg/kg/day)' 
CURRENT CONDITIONS - SURFACE SOIL 

OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS 
UNDER CURRENT LAND USE 

Concentration Ingestion Ingestion 
Chemical ( m a g )  OfMilk of Meat 

Antimony 

Arsenic 

BariUlll 

Beryllium 

Cadmium 

Chromium 

cobalt 

Copper 

Lead 
Manganese 

Mol ybdenum 

Nickel 

Silver 

UraniUlll 

Vanadium 

zinc 

2.72 x 10' 

4.90 x 1$ 

5.69 x 10' 

8.00 x 10' 

5.80 x 10' 

1.43 x 10' 

1.04 x 10' 

1.70 x 10' 

1.59 x 10' 

5.74 x I d  

2.94 x 10' 

4.30 x 10' 

8.90 x 10' 

5.20 x 10' 

1.96 x 10' 

4.67 x 10' 

1.2 x io4 2.9 x lo4 

3.0 x lo6 

6.5 x lo4 7.0 x 

2.5 x 10' 

3.0 1u9 8.2 io-' 

7.7 10'~ 7.1 10" 

2.1 x 10-~ 3.6 10-~ 

4.5 1.3 lo5 

1.1 x io2 3.1 x 

3.4 x lo4 3.4 x 10" 

6.7 x lo4 9.2 x 10'' 

1.3 x lo4 3.2 x 10" 

4.2 x lo4 6.4 x 10" 

1.5 x 5.6 x lo4 

1.2 x io4 9.9 x loa 

1.2 x io6 3.9 x 

1.4 x 1U' 3.6 x lo-' 

%takes calculated using concentrations in Table E.3-3 and exposure factors in 
Table €316. 



TABLE E.III-18 

INTAKES - ~ I O M U C L I l b E s  @Ci)" 
CURRENT CONDITIONS - SURFACE WATER 

OF'F-PROPERTY USER OF MEAT AND 
DAIRY PRODUCTS UNDER CURRENT LAND USE 

FEhQ-OlRI4 DRAFr 
October 12.1993 

Radionuclide 
Concentration Ingestion Ingestion 

WL) of Meat of Milk 

CS-137 + 1 dtr 

Ra-226 + 8 dtrs 

Ra-228 + 1 dtr 

Sr-90+ 1 dtr 

TC-99 

Th-230 

6.5 x 10' 1.2 x 1 6  2.0 x 1 6  

3.7 x loo 8.5 x 10' 7.3 x 102 

3.0 x 10' 8.3 x 102 2.0 x 104 

1.2 x 103 9.4 x 1 6  5.3 x 106 

1.7 x lo-' 9.4 x 3.7 x lo-' 

1.4 x lo-' 3.1 x 100 2.8 x 10' 

u-234 5.7 x 102 1.0 x 104 1.5 x 1 6  

-U-235 + 1 dtr 3.1 x 10' 5.7 x I d  8.2 x I d  

U-238 + 2 d a  1.2 x 103 2.2 x lb' 3.2 x 1 6  

ahtakes calculated using concentrations in Table E.3-9 and exposure factors in Table.3-16. 

0945 
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TABLE E.III-19 

INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)* 
CURRENT CONDITIONS - SURFACE WATER 

OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS 
UNDER CURRENT LAND USE 

Concentration Ingestion Ingestion 
Chemical (mgn) of Meat of Milk 

Arsenic 

Benzene 

2.07 x 10” 3.2 10” 3.9 1 0 - ~  

7.95 x 1 0 - ~  2.0 x io-’ 2.5 x 

%takes calculated using concentrations in Table E.3-9 and exposure factors in Table E.3-16. 
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, 5k 7 8 ?& TABLE E.III-20 

INTAKES - TOXIC CHEMICALS (mg/kg/dap)* 
CUWWENT C0NP)PTiONS - SURFACE WATER 

OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS 
UNDER CURRENT LAND USE 

Chemical 
Concentration Ingestion Ingestion 

(ma) of Meat of Milk 

Antimony 

Arsenic 

BariU 

Copper 
Cyanide 

Lead 
Nickel 

Selenium. 

Silver 

Vanadium 

Zinc 

3.50 x 

2.07 

7.81 x 

1.77 x 

7.58 x lo2 

2.52 

1.91 

1.85 

1.02 x lo-] 

1.05 x 10-l 

1.52 x lo2 

7.6 x lo6 3.0 x lo4 

3.2 x lo4 3.9 10" 

7.7 x 1 0 - ~  

4.7 x lo4 

3.4 x lo-'' 

2.3 x lo4 

7.2 x lo4 

2.8 x lo4 

4.8 x lo-'' 

7.8 x 10" 

1.8 x lo4 1.2 x lo4 

3.1 3.3 x  IO-^ 
2.0 x 1 0 - ~  5.4 io4 

1.3 x lo" 

9.1 x lo-] 

4.2 x lo4 

3.6 x 10" 

%takes calculated using concentrations in Table E.3-9 and exposure factors in Table E.3-16. 
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TABLE Em-21 

INTAKES - RADIONUCLIDES (pCi)“ 

TRESPASSING CHILD UNDER CURRENT LAND 
USE WITHOUT ACCESS CONTROLS 

FUTURE CONDITIONS - AIR 

Radionuclide 
Concentration 
(Cum3) Inhalation 

CS-137 + dtr 

Np279 + dtr 

Pu-238 

Pu-239/240 

Ra-226 & Pb-210 + 2 dtrs 

Rn-222 + 4 d a  

Sr-90 + 1 dtr 

Tc-99 

Th-230 

Th-232 + 10 d a  

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

1.6 x 10” 

1.3 x 

3.0 x 10” 

2.9 x lo4 

6.3 x 

4.8 x I d  

1.5 10” 

1.4 x lo-’ 

1.8 x 10’ 

8.0 x 

2.6 x lo-’ 

2.3 x lo-’ 

3.6 x lo-’ 

3.3 x 1$ 

2.7 x 1$ 

6.0 x 10” 

6.2 x l$ 

1.3 x 102 

9.9 x 1 6  

3.1 x 1$ 

2.9 x ld 

3.7 x I d  

5.4 x I d  

7.5 x loz 

1.7 x I d  

4.8 x I d  

‘Intakes calculated using concentrations in Table E.3-15 and exposure factors in 
Table E.3-17. 

1. . 
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TABLE Ern-22 

INTAKES - CARCINOGENIC CHEMICALS (mgflrghy)' 
FUTURE CONDITIONS - AIR 

TRESPASSING CHILD UNDER CURRENT LAND 
USE WITHOUT ACCESS CONTROLS 

+'-- 4?87? c 

Radionuclide 
Concentration 

(mg/m3) Inhalation 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Nickel 

Benzo(a)pyrene 

Be-) fluoranthene 

. Benzo(a)anthracene 

*=e 

Indeno(l2,3-cd)pyrene 

Pentachlorophenol 

Tetrachlomthene 

2,3,7,8-TCDF 

HpCDD 

HpCDF 
HxCDD 

HxCDF 

OCDD 

OCDF 

4.2 10-3 

3.2 x 10-6 

5.7 x 10-6 

4.0 10-5 

5.7 x 10-~ 

7.5 10-7 

1.1 x 1c8 

7.3 x.10-8 

2.6 10-7 

1.2 10-7 

3.9 x 10-11 

7.1 x l0-* 

2.6 x 1U8 

6.3 x 

1.7 x 1 O I o  

5.1 x lo-'' 

5.3 x lo-]' 

2.5 1 0 - ~  

1.5 x lo-'' 

~~ 

7.8 x 10-6 

6.0 10-9 

1.1 x 10-8 

7.5 x 10-8 

1.1 107 

1.4 10-9 

1.3 x 
2.1 x 10-11 

1.4 x 1010 . 

4.9 x 10-11 

4.9 x 10'0 

2.2 x 10-10 

7.3 x 10-l~ 

1.2 x 10-12 

3.2 x 10-~3 

9.5 x 10-l~ 

9.9 x 1 0 - l ~  

4.7 x 10-12 

2.8 x 10-l~ 

'Intakes calculated using concentrations in Table E.3-15 and exposure factors in Table E.3-17. 



FEMP-OlRI4 D M  
October 12.1993 

TABLE E.IIt-23 
INTAKES - TOXIC CHEMICALS (mg/ks/dag)' 

FUTURE CONDITIONS - AIR 
TRESPASSING CHILD UNDER CURRENT LAND USE 

~~ 

Concentration 
Chemical (mg/m3) Inhalation 
Antimony 1.3 x 10-~ 1.4 x 10'~ 
Arsenic 4.2 1 0 3  4.6 x 
BariUll 2.2 10'~ 2.4 105 
Beryllium 3.2 x 10" 3.5 x lo-8 
Boron 3.1 1 0 5  3.4 

Chromium 4.0 1 0 5  4.4 

Cyanide 3.2 10-~ 3.5 x 
. Lead 1.4 x 10' 1.5 x 10" 

Manganese 3.4 x 10" 3.7 
Mercury 6.6 x 10' 7.3 x 

Nickel 5.7 10-~ 6.3 x io-' 
SeleniUm 1.0 10" 1.1 x 10'~ 

Cadmium 5.7 x 10" 6.3 x 

cobalt 8.4 x 10" 9.2 x l o 8  
Copper 5.7 x 10' 6.3 x 10" 

Molybdenum 6.0 1 0 5  6.6 x 

Silver 8.7 x 10" 9.6 x 
Thallium 3.3 x 10" 3.6 x l o 8  
Tin 3.9 10-~ 4.3 x 10" 
UraniUm 1.0 x l o o  1.1 x 10-2 
Vanadium 1.1 x 10" 1.2 1 0 5  
Zinc 6.8 x lo-' 7.5 x io-' 

'Intakes calculated using concentrations in Table E.3-15 and exposure factors in Table E.3-17. 

1 
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TABLE E.III-24 

INTAKES - RADIONUCLIDES (pCi)p 

TRESPASSING CHILD UNDER CURRENT LAND 
USE WITHOUT ACCESS CONTROLS 

F'UTURE CONDITIONS - SURFACE SOIUEXPOSED PIT MATERIALS 

Radionuclide 
Concentration Ingestion of 

WW soil 

CS-137 + 1 dtr 

Np237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 + 8 dtrs 

Sr-90 + 1 dtr 

Tc799 

Th-230 

Th-232 + 10 dtrs 

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

4.7 x 10' 

2.9 x 10' 

6.3 x lo-' 

2.6 x 10' 

4.9 x 10' 

3.1 x 10' 

1.8 x l@ 

1.6 x I d  

6.2 x 10' 

2.9 x l@ 

3.5 x 10' 

6.2 x 102 

7.3 x 10' 

4.5 x 10' 

9.8 x 100 

4.1 x 10' 

7.6 x I d  

4.8 x 10' 

2.8 x I d  

2.5 x lb' 
9.7 x I d  

4.5 x I d  

5.5 x Id 
9.7 x I d  . 

aIntakes calculated using concentrations in Table E.34 and exposure factors in Table E.3-17. 
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TABLE JLIII-25 
INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 

FUTURE CONDITIONS - SURFACE SOIUEXPOSED PIT MATERIALS 
TRESPASSING CHILD UNDER CURRENT LAND USE WITHOUT ACCESS CONTROLS 

Chemical 
Concentration Dermal Ingestion 

(mg/kg) contact of soil 

Aroclor-1248 

Aroclor-1254 

Arsenic 

Beryllium 

Benzo( a)anthracene 

B-(a)ppne 
Benzo(b)fluoranthene 

Chrysene 

Indeno( 12,3-cd)pyrene 

Pentachlorophenol 

) Tetrachlomethene 

HpCDD 

HpCDF 

2,3,7,8-TCDF 

HxCDD 

H x C D F  

OCDD 

OCDF 

4.08 x 10" 

1.46 x 100 

3.09 x I d  

5.04 x 10-2 

7.84 x 10-2 

3.41 x 10' 

3.92 x lo2 

5.18 x 

1.82 x 

1.82 x 10' 

2.72 x lo-' 

2.80 x lo5 

2.94 x 10" 

4.31 10 -~  

3.74 x 

1.78 x 

1.04 x 10" 

1.26 x 10" 

2.6 x 

9.4 x 10-~ 

6.7 x 10" 

7.4 x 

1.1 

3.4 x lo8 

1.1 lo7 

3.9 lo9 

3.9 x 

2.3 10' 

8.5 x 

6.0 x 10" 

6.4 x lo-'' 

2.7 x 10" 

9.3 x lo-" 

3.8 x 

2.2 x 10-'0 

8.1 x 10'" 

5.8 x lo-' 

2.1 x lo-* 

4.4 10" 

4.8 x 

7.2 x lo-'' 

5.6 x 10"' 

1.1 10'9 

7.4 x 10-1' 

2.6 x 

3.9 

4.0 x 10-l~ 

2.6 x 10" 

4.2 x 

1.8 x 

6.1 x 10-l~ 

5.3 x 10-l~ 

1.5 x 10- 

2.5 x lo-'' 

'Intakes calculated using concentrations in Table E.34 and exposure factors in Table E.3- 17. 
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TABLE E.III-26 

INTAKES - TOXIC CHEMICALS (~~@~g/day). 
FUTURE CONDITIONS - SURFACE SOIUEXPOSED PIT MATERIALS 

TRESPASSING CHILD UNDER CURRENT LAND USE WITHOUT ACCESS CONTROLS 

Chemical 
Concentration Dermal 

(mg/kg) Ingestion Contact 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
chromium 
Cobalt 
Copper 
Cyanide 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
SeleniUm 
Silver 
'Ihallium 
Tin 
Uranium 
Vanadium 
Zinc 
Pentachlomphl 
Tetrachloroethene 

3.17 x 10' 

2.59 x Id 
3.41 x 100 
2.17 x 10' 

8 . 9 0 ~  100 

1.53 x 10' 
8.13 x lC? 

1.16 x loz 
2.95 x I d  
5.22 x lo-' 
6.84 x 10' 
6.85 x 10' 
7.58 x 100 
1.46 x 10' 
3.96 x 100 

9.89 x 102 

9.13 x 10' 
1.82 x lo-' 
2.72 x 10" 

3.09 x I d  

4.33 x 10' 

2.25 x 10' 

2.90 x 10' 

9.75 x loz 

2.6 x lo4 
2.6 x 10" 
2.1 x 10" 
2.8 x 

7.4 

6.7 105 

1.8 x 10" 

3.6 x 10" 
1.3 x 10" 

1.9 x 
9.6 x lo4 
2.4 x 10' 
4.3 x 
5.7 x 10" 

5.7 x lo4 
6.3 x 
1.2 x lo4 
3.3 x 10.' 

8.2 
8.1 

2.4 x 10" 

7.6 x lo4 
1.5 x 

2.3 x 

4.0 x lo4 
3.9 
3.3 x 10" 
4.3 l o7  

1.1 x 10" 

5.5 x lo4 
1.9 x 10" 

1.0 x 10'~ 

1.5 10" 
3.7 x 10' 
3.3 

4.3 
9.6 10-7 

5.0 
3.7 x 10" 
1.2 x 10' 
1.2 x 10' 
1.2 x 10-~  

2.7 x lo4 

2.8 x 
- 

8.6 x 10" 

1.8 x lo4 

2.3 x lo4 
1.4 x lo4 

Intakes calculated using concentrations in Table E.34 and exposure factors in Table E.3-17. 
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* 
TABLE E m - 2 7  

INTAKES - RADIONUCLIDES (PCi)' 
FUTURE CONDITIONS - SEDA~ENT 

TRESPASSING CHILD UNDER CURRENT LAND 
USE WITHOUT ACCESS CONTROLS 

Radionuclide Ingestion 

CS-137 + 1 dtr 

Np237 + 1 dtr 

Pu-238 

Pu-2 39/240 

Sr-90 + 1 dtr 

1.0 x 14 

5.0 x lo-' 

1.0 x 10'' 

4.0 x 10" 

1.7 x 14 

1.6 x 10' 

7.8 x 10' 

6.2 x 10' 

1.6 x 10' 

2.7 x 10' 

Tc-99 4.7 x 14 7.3 x 10' 

. Th-230 7.5 x 10' 1.2 x Id 

u-234 6.0 x 10' 9.4 x 102 

U-235 + 1 dtr 6.7 x 14 1.0 x 102 

U-238 + 2 dtrs 2.4 x ld 3.7 x Id 

Th-232 + 10 d a  4.3 x 1$ 6.7 x 10' 

'Intakes calculated using concentrations in Table E.3-12 and exposure factors in Table E.3-17. 
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TABLE Em-28 

INTAKES - CHEMICAL CARCINOGENS (mgflrg/day)' 
FUTURE CONDITIONS - SEDIMENT 

TRESPASSING CHILD UNDER CURRENT LAND USE WITHOUT ACCESS CONTROLS 

Concentration 
Chemical (mg/kg) Dermal Contact Ingestion 

Aroclor-1254 

Amlor- 1260 

Arsenic 

Beryllium 

1.4 x loo 

2.0 x 1 0 '  

4.9 x loo 

8.0 x 10" 

9.1 10-~ 

1.3 

1.1 x lo8 

1.7 x lo-' 

2.0 x 

2.8 1 0 - ~  

7.0 x lo8 

1.1 x 

'Intakes calculated using concentrations in Table E.3-12 and exposure factors in Table E.3-17. 

. .. 
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I 
TABLE EJII-29 

INTAKES - TOXIC CHEMICALS (mg/kg/diiy)' 
F"I'URE CONDITIONS - SEDIMENT 

TRESPASSING CHILD 

-. 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

cobalt 

Copper . 

Lead 
Manganese 

Molybdenum 

Nickel 

Silver 

Thallium 

Uranium 

VanadiUm 

Zinc 

Concentration 
(ma&!) Demal contact Ingestion 

2.7 x 10' 3.4 x lo4 2.2 x 10" 

4.9 x loo 6.2 x 4.1 x 1 0 ' ~  

5.7 x 10' 7.2 x 10" 4.7 x 10" 

5.8 x loo 7.3 x 4.8 

1.4 x 10' 1.8 x lo4 1.2 x 10" 

1.0 x 10' 1.3 x 10" 8.3 

8.0 x 10' 1.0 x 10-~ 6.6 x 

1.7 x 10' 2.1 x 1.4 x 10" 

1.6 x 10' 2.0 x 10" 1.3 x 10" 

5.7 x loz 7.2 x 10" 4.7 x 

4.3 x loo 5.4 x 1 0 - ~  3.6 x 

8.9 x loo 1.1 x 10" 7 . 4 . ~  

7.3 x Id 9.2 x 1 0 - ~  6.0 x 10'~ 

4.7 x 10' 5.9 x 10" 3.9 x 10" 

2.9 x 10' 1.8 107 2.4 x 10" 

7.0 x lo-' 8.8 x 5.8 x 

2.0 x 10' 2.5 x 10-~ 1.7 x 10" 

*Intakes calculated using mncentrations in Table E.3-12 and exposure factors in Table E.3-17. 
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TABLE Em-30 

INTAKES - WADIOWCEDES (pCi)' 
FUTURE CONDITIONS - AIR 

OFF-PROPERTY RME ADULT UNDER ALL LAND USES 

Ingestion of Ingestion Ingestion 
Concentration Vegetables of of 

Radionuclide (Pci/m3) Miahtion andFruit Meat Milk 

CS-137 + 1 dtr 

Np237 + 1 dtr 

h-238 

h-239/240 

Ra-226 + -210 + 2 dus 

Rn-222 + 4 dus 

Sr-90 + 1 dtr 

TC-99 . 

Th-230 

Th-232 + 10 d a  

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs - 

1.9 x 10" 

2.7 x 1 0 - ~  

5.2 

1.4 x 10" 

2.5 x 10" 

4.0 x 10' 

1.4 x 10" 

1.3 x 

1.5 x lo-' 

6.5 x 10-~ 

2.2 10 '~  

3.4 x 10-2 

2.3 x 

2.2 x 10' 

1.6 x 10' 

3.1 x 10' 

2.9 x 10' 

6.0 x ld 

4.6 x lo6 

1.6 x 10' 

1.5 x I d  

1.7 io4 
7.5 x ld 

2.7 x ld 

2.6 x ld 

3.9 x ld 

3.5 x 102 

2.2 x ld 

3.7 x I d  

N A ~  

2.0 x 104 

2.2 x 1 6  

9.7 x I d  

3.4 x 104 

5.0 x 104 

4.0 x 10' 

8.4 x ld 

2.6 x ld 

3.2 x Id 

6.3 x I d  

1.2 x 1$ 

1.4 10-~ 

3.5 x I d  

2.9 x 

NA 

1.6 x 10' 

1.2 x 104 

1.2 x 10' 

2.7 x I d  

3.8 x I d  

3.6 x 10' 

5.6 x 161 

8.8 x I d  

4.5 x lo-' 

1.1 x 

2.3 x 
2.5 x ld 

NA 

3.2 x I d  

5.6 io4 

8.9 x ld 

3.9 x 10' 

4.5 x ld 

4.3 x I d  

6.7 x I d  

*Intakes calculated using concentrations in Table E.3-15 and exposure factors in Table E.3-17. 

%A - Not applicable. Radon is a gas. 
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FUTURE CONDITIONS - AIR 
OFF-PROPERTY RME ADULT W E R  ALL LAND USES 

Ingestion of 
concaruation Vegetables Ingestion of Ingestion of 

clumicd (mghn3) Inhalation and h i t  Meat Milk 

D 

M C  

Beryllium 

Cadmirrm 

chromium 

Nickel 

Aroclar-1248 

Aroclar-1254 

Benzo(8)UlIthrECQlC 

Bmzo(a)pyrcne 

Benzo(b)fluoranthene 

Benzo(g.h,i)prylene 

ChrYme 

Indeno(l33cd)WRne 

Part.chlorophmol 

Te~achlorathene 

23.7.8-TCDF 

HpCDD 

HpCDF 

HxCDD 

HXCDF 

OCDD 

OCDF 

3.4 x 104 
2.7 x lU7 

4.8 107 

3 3  x 106 

4.8 x 1U2 

4.4 x 10' 

5.7 109 

6.1 109 

8.9 109 

2 5  10-9 

5.9 109 

2.1 109 

4.0 x 10' 

2.1 x 10' 

1 5  x 10' 

3 2  x 10'2 

3 3  x 10" 

1.1 x 10" 

4.1 x 10" 

4 3  x 10'2 

2.0 x l 0 ' O  

1.2 x lU11 

22  x 105 

1.7 x lo-' 

3.1 x 10" 

2.1 x 

3.1 x 103 

2.9 1 0 9  

2.6 x 

3.7 x l0l0 

4.0 x 10"O 

5.8 x lo-'' 

1.6 x lo-'' 

3.8 x 10" 

1.4 x 10" 

1.4 x lo-' 

9.7 x 10" 

2.1 1043 

2.1 x 10-12 

7.1 10-l~ 

2.7 10-l~ 

2.8 10-13 

13 x 1U" 

7.8 x loi3 

3 3  x 104 

2.6 107 

4.0 x 106 

4 3  x 106 

2.2 x 10' 

3.9 x 10' 

3 5  x 10' 

4.9 x 109 

5.7 109 

2.1 109 

5 3  x 109 

1.1 1 0 9  

7.4 x lo9 

1.8 x 10' 

1 5  x 10' 

2.6 x 10" 

2.7 x 10" 

9.1 x 10" 

3.4 x 10'2 

3.5 x 10'2 

1.7 x 1010 

9.9 x 10'2 

9.4 105 

5 5  10' 

5.0 x 10' 

3 . 2 ~  la6 
1.0 x 10' 

3.2 x 10' 

1.1 1u7 

2.7 x lo9 
7.8 x lQ9 

3.8 x 108 

4.8 x 10' 

3.0 109 

1.1 1 0 7  

2.6 10-9 

6.4 x 10l2 

3.1 x lull 

3.2 x 10" 

1.1 x 10" 

4.0 x 10" 

4.2 x lo-" 

1.9 109 

1 2  x 10l0 

1.1 105 

1.8 x 10" 

4.0 x 106 

35 x 106 

6.9 x 10' 

4.0 x lU8 

9.1 x 10' 

3.6 1 0 9  

9.9 10-9 

4.8 x 10' 

6.1 x 10' 

3.8 109 

1.4 107 

3.2 109 

8.1 x 1OI2 

6.0 x lull 

6.2 x 10" 

2.1 x 10'0 

7.7 x lo-" 

8.0 x 10" 

3.7 x 109 

2.2 x l 0 ' O  

'Intakes calculd usmg concenmations m Table E3-15 wd exposure factors m Table E.3-17. 
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FUTURE C'ONDiTlONS - AIk - - 

OFF-PROPERTY RME ADULT UNDER ALL LAND USES 

Ingestion of 
conculmalion Vegetables ingestion of Ingestion of 

(mg/m3) wlalarion a n d f i t  Meat Milk 

Cadmium 

chromirrm 

cobalt 

capper 

1.1 x la6 
3.4 x 104 

2.0 x 104 
2.7 1 0 7  

25  x 1 0 8  

4.8 107 

7 3  10-7 

5 5  1 0 5  

1.1 lo5 

3 3  x 106 

2.6 x 10' 

2 8  x 104 

5 5  x 1 4 8  

5.4 x lob 
4.8 x 10' 

8.2 x lU7 

7.6 147 

3.0 107 

3.2 x lod 
8.9 x 1U2 

9.4 105 

5.7 x IO6 

7.1 x 10' 

2.2 105 

13 105 

1.6 109 

2.1 1 0 7  

1.7 x 10' 

3.1 x 10' 

4:7 x 108 

3.6 x la6 
1.7 109  

7.1 107 

3.6 109 

3 5  10-7 

3.1 10-3 

1.8 x 10' 

5 3  x 1 0 8  

4.9 x 1 4 8  

1.9 x lun 
2.1 10-7 

5.8 1 0 3  

3.7 10-7 

6.1 x la6 

1.6 x la6 
33 x 104 
4.4 x 104 
2.6 107 

2.0 x 10' 

4.0 x 104 

43 x 106 

8.8 x 10' 

2 2 x 1 0 4  

3.1 x 10' 

23 1 0 5  

4.9 x 104 

5.7 x 1 0 8  

75 107 

2.2 x 1 0 '  

2.1 x la6 
2.0 x la6 
2.6 1 0 7  

3.1 x la6 
73  x 1 0 2  

1.0 x 104 

6.6 x 104 

3.9 1 0 7  

9.4 10-5 

3 3  1u5 

43 x 1Ul0 

5.0 x 1U8 

5.5 1 0 7  

3.2 x lod 
2.4 x la6 
23 x 10-4 

53 1014  

4.4 1 0 5  

1.9 x lab 

15 x la6 
7.1 x lod 
1.0 x 10' 

2.7 x lab 
1.4 x la6 
1.8 x lab 
3.0 10-5 

3 3  1 0 5  

7.2 x 104 

8.0 x 16' 

1.6 107 

1.1 1 0 5  

3.1 x 104 
1.8 x 10" 

3.2 109 

4.0 x la6 
3 5  x 104 

95 1 0 7  

6.7 1 0 1 4  

1.4 x 104 

6.4 x 106 
15 x 104 

1.1 x 108 

7.1 x 1od 

6.9 x 1U2 

2.9 x la6 
3.6 1 0 5  

3.6 107 

15 x la6 
9.6 x 104 

1.0 x la6 
3.2 103 

%akm dculated using amcentrations m Table E3-15 and exposure factors m Table E.3-17. 
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TABLE E.III-33 

INTAKES - RADIONUCLIDES (pCi)' 
FUTURE CONDITIONS - GROUNDWATER 

OFF-PROPERTY RME ADULT UNDER ALL LAND USES 

Ingestionof Ingestionof Ingestion Ingestion 
Concentration Drinking Vegetables of of 

Radionuclide W f L )  Water and Fruit Meat Milk 

Np237 + 1 dtr 12 x 10"' 5.9 x 1.9 x 6.6 x 10"O 2.5 x lo-'' 

Sr-90 + 1 dtr 5.9 x 10" 2.9 x lo-' 1.2 x 10' 4.2 x 8.8 x 

T ~ 9 9  3.1 x 10' 1.5 x 16 4.8 x 10" 1.8 x 104 8.8 x lo4 

U-234 62 x 10' 3.0 x 1$ 9.0 x 16 6.8 x Id 8.1 x lo4 

U-235 + 1 dtr 1.4 x 10' 6.9 x 16 2.1 x Id 1.5 x Id 1.8 x lo4 

U-238 + 2 dtrs 3.0 x Id 15x10' 4.5~ 106 3 3 x  10'' 4.1 x 16 

%takes calculated using concentrations in Table E3-13 and exposure factors in 
Table E3-17. 



TABLE EJII-34 

INTAKES - TOXIC CHEMICALS (rng/kg/day)' 
rmTURE CONDITIONS - GROUNDWATER 

OFF-PROPERTY RME ADULT UNDER ALL LAND USES * 
42 

Ingestion of + 
Concentration Ingestion of Vegetables Ingestion of Ingestion of 

Chemical ( m a )  Water Dermal Contact and Fruit Meat Milk 

4.6 5.5 105 3.1 10" 2.8 x 10" Boron 6.77 x 10" 1.9 x IO4 

Barium 4.77 x 10" 1.3 x 10' 3.2 x IO-'' 1.2 x 10-8 4.7 x 10-'O 4.4 x 10" 

Cyanide 1.24 x IO-* 3.4 x 1 0 ' O  8.4 x 1 0 - l ~  1.6 x 5.5 x IO-" 7.9 IO-" 
UraniUm 8.87 x 10'' 2.4 x 6.0 x 10" 7.3 x  IO-^ 5.2 x io5 6.5 x IO4 
Dichlorodifluoromethane 1.10 x 1 0 - l ~  3.0 x 0.0 x 100 1.1 x 8.5 x 1.1 x 

'Intakes calculated using concentrations in Table E.3-13 and exposure factors in Table E.3-17. 
sfl 

G! 
F 



TABLE E m - 3 5  

INTAKES - RADIONUCLIDES (pCi)' 
FUTURE CONDITIONS - RIVER WATER 

GREAT MIAMI RIVER USER UNDER CURRENT L-ND USE 

Ingestion of Ingestion of Incidental 
Concentration Drinking Vegetables Ingestion of Ingestion of Ingestion of Ingestion of 

Radionuclide (pew Water and Fruit Meat Milk Water Fish 

(3-137 + 1 dtr 

Np-237 + 1 dtr 

*; Pu-238 

Pu-239/240 

'. Sr-90 + 1 dtr -G 

Tc-99 

"I-230 

Th-232+ 1 0 d a  

u-234 

U-235 + 1 dU 

U-238 + 2 dtrs 

2.8 x 106 
4.6 10-5 

1.2 x 106 
3.0 10-7 

8.7 x 104 

2.0 x lcr' 

6.6 x lo5 

3.8 x 106 

2.5 x 1U2 

2.9 10-3 

1.0 x lo-' 

1.4 x lo'' 

2.3 x 10-0 

5.9 x 1(T2 

4.3 x 10' 

9.8 x I d  

3.2 x 10' 

1.9 x 10-' 

1.5 x 1(r2 

1.2 x Id 

1.4 x I d  

5.0 x Id 

5.5 x 10-2 

7.3 x lo-' 

4.4 10" 

1.8 x 

1.7 x 10' 

3.1 x Id 
9.8 x lo-' 

5.7 x 10-2 

3.7 x I d  

4.3 x 10' 

1.5 x Id 

5.7 x 10-2 

2.5 10-3 

3.2 10-7 

8.6 x l(r8 

6.2 x 10-' 

1.2 x I d  

2.5 x 104 

1.5 10-5 

2.7 x l@ 

3.2 x 10" 

1.1 x 10' 

8.1 x 

9.4 x 10"' 

2.7 x 

7.1 x lo-' 

1.3 x 10' 

5.9 x Id 

8.7 x 10"' 

5.0 10-5 

3.4 x 10' 

3.9 x 1 6  

1.4 x 102 

'Intakes calculated using concentrations in Table E.3-11 and exposure factors in Table E.3-17. 

1.8 x 10"' 

2.9 x 10-3 

7.6 

1.9 io5 

5.5 x 10-2 

4.2 10-~ 

1.3 x 10' 

2.4 x 10"' 

1.6 x loo 

1.8 x lo-' 

6.6 x 10' 

1.1 x 18' 

9.1 x lo-' 

3.2 x 10' 

9.9 x 

2.9 x 10' 

2.6 x Id 

2.6 x 100 

1.5 x lo-' 

6.6 x 10' 

7.7 x 100 

2.7 x I d  



FEMP-01RI4 DRAFT 
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TABLE Em-36 

INTAKES RADIONUCLIDES (pCi)' 
FUTURE CONDITIONS - SURFACE SOIL 

OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS 
UNDER CURRENT LAND USE 

Concentration Ingestion Ingestion 
Radionuclide (pci/g) of Meat of Milk 

CS-137 +1 dU 1.0 x 1$ 1.6 x I d  2.3 x 1 6  

Np237 + 1 drr 5.0 x lo-' 2.8 x 102 1.0 x loz 

Pu-238 3.8 x lo-' 1.8 x lo-' 1.5 x 10'' 

Pu-2391240 1.3 x lo-' 6.2 x 5.0 x 

Ra-226 + 8 dtrs 9.5 x lo-' 5.3 x loz 3.9 x I d  

Sr-90 + 1 du 1.7 x 1 4  1.2 x I d  2.4 x lo6 

Tc-99 8.7 x 1$ 6.4 10' 3.1 x lo8 

Th-230 7.5 x 10' 4.5 x 102 1.5 x I d  

Th-232 + 10 d a  4.3 x 1$ 2.6 x 10' 8.6 x 10' 

u-234 6.0 x 10' 2.0 x io4 2.4 x I d  

U-235 +1 dU 6.8 x 1$ 2.4 x I d  2.8 x 104 

U-238 + 2 d m  2.4 x I d  8.1 io4 9.6 x 1 6  

'Intakes calculated using concentrations in Table E.3-3 and exposuE factors in Table E.3-17. 



FEMP-OlRI4 DRAFT 
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TABLE EJJI-37 

INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 
FUTURE CONDITIONS - SURFACE SOIL 

OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS 
UNDER CURRENT LAND USE 

Chemical 
Concentration Ingestion Ingestion 

(mg/kg) of Meat of Milk 

Aroclor-1254 1.40 x 10' 1.0 x 10-4 8.7 x 

Beryllium 8.00 x 10'' 8.2 x io-' 3.0 
Arsenic 4.90 x 10' 2.5 x 3.0 x loa 

'Intakes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-17. 



FEMP-01RI-4 DRAFT 
October 12,1993 ?8@ 

TABLE EJII-38 

INTAKES - TOXIC CWEWCALS (m&/&y)' 
FUTURE CONDITIONS - SURFACE SOIL 

OFT-PROPERTY USER OF MEAT AND DAIRY PRODUCTS 
UNDER CURRENT LAND USE 

c 

Concentration Ingestion Ingestion 
Chemical (mg/kg) of Milk of Meat 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

cobalt 

. Copper 

Lead 
Manganese 

Molybdenum 

NickeI 

Silver 

Uranium 

Vanadium 

Zinc 

2.72 x 10' 

4.90 x IO0 

5.69 x 10' 

8.00 x 10'' 

5.80 x 100 

1.43 x 10' 

1.04 x 10' 

1.70 x 10' 

1.59 x 10' 

5.74 x 102 

2.94 x 10' 

4.30 x 100 

8 . 9 0 ~  100 

5.20 x 10' 

1.96 x 10' 

4.67 x 10' 

1.2 x 10" 

3.0 x IO6 

6.5 x 10" 

3.0 x io9 

7.7 x 10'~ 

2.1 x i o 3  

4.5 10'5 

1.1 x 10'2 

3.4 x 10" 

6.7 x 10" 

1.3 x 10" 

4.2 x 10" 

1.5 x 
1.2 x 10" 

1.2 x IO4 
1.4 x lo-' 

2.9 x 10" 

2.5 

7.0 x 10'~ 

8.2 10' 

9.2 x 

7.1 x 

3.6 x 
1.3 x 

3.1 x 

3.4 x 10" 

3.2 x 10" 

6.4 x 10" 

5.6 x lo4 

9.9 x lo4 

3.9 

3.6 x 10' 

%takes calculated using concentrations in Table E.3-3 and exposure factors in 
Table E.3-17. 

E-m-79 
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TABLE Em-39  
INTAKES - RADIONUCLIDES @Ci)" 

FUTURE CONDITIONS - SURFACE WATER 
OFF-PROPERTY USER OF MEAT AND 

DAIRY PRODUCTS UNDER CURRENT LAND USE 

Radionuclide 
Concentration Ingestion Ingestion 

@Ci/L) of Meat of Milk 
CS-137 + 1 dtr 

Ra-226 + 8 dtrs 

Sr-90 + 1 dtr 

TC-99 

Th-230 

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

5.6 x 10' 

2.5 x lo-' 
2.6 x 10' 

1.5 x 103 

1.9 x lo-' 

7.1 x 1 0 2  
4.0 x 10' 

1.7 x 103 

1.0 x 1 6  

5.7 x loo 

1.2 x 106 

1.0 x 10-1 

7.3 x Id 

7.2 x I d  

1.3 x Id' 

3.1 x 1d' 

1.7 x 16 
5.0 x 10' 

1.7 x Id' 
6.6 x 1 0 6  
4.2 x lo-' 
1.9 x 1 6  

1.1 x 1 0 4  
4.5 x 1 6  

4% 

*Intakes calculated using concentrations in Table E.3-10 and exposure factors in Table E.3-17. 



FEMP-OlRI4 DRAFT 
October 12.1993 

4%3v TABLE E.III-40 
' INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 

FUTURE CONDITIONS - SURFACE WATER 
OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS UNDER CURRENT LAND USE 

Chemical 
Concentration Ingestion Ingestion 

(mg/L) of Meat of Milk 

2.3 10'~ 3.5 x lo6 4.3 io-' 
6.9 x 10'~ 1.7 x lo8 2.2 x 

'Intakes calculated using concentrations in Table E.3-10 and exposure factors in Table E.3-17. 



FEMP-OlRM DRAFT 
October 12 1993 

V8 !? TABLE JLIlI41 ' e- e- 
INTAKES - TOXIC CHEMICALS (mglkglday)' 
mTTuRE CONDITIONS - SURFACE-WATER 

OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS UNDER CURRENT LAND USE 

Chemical 
Concentration Ingestion of Ingestion of 

(mgn) Meat Milk 

Antimony 

Arsenic 

3.0 x 10-~ 6.5 x 10" 2.6 x 10" 

2.3 1u3 3.5 x loa 4.3 10" 

Barium 6.8 x 6.7 x 6.2 x 10" 
Copper 

Cyanide 

1.8 x 4.7 x 10" 2.8 x 10" 

7.6 x 3.4 x lo-'' 4.8 x lo-'' 

Lead 2.2 10'3 2.0 x 106 6.8 x 10" 
Nickel 

Selenjum 

1.3 x 1.6 x 10" 1.0 x 10" 

2.0 x 10" 3.2 x 10-~  3.5 x 

Silver 3.2 x 10-~ 3.5 x 10" 9.4 x 10" 
Vanadium 

D Zinc 
1.5 x lo-' 1.9 x 10" 6.2 x loa 

9.6 x 8.3 x lo-' 3.3 x 10' 

~~ 

"Intakes calculated using conmuations in Table E.3-10 and exposure factors in TabIe 
E.3- 17. 



TABLE E.III-42 

INTAKES - RADIONUCLIDES (pCi)' 
FUTURE CONDITIONS - AIR 

ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 

Ingestion of 
Concentration Vegetables Ingestion of Ingestion of 

Radionuclide (pci/m3) Inhalation and Fruit Meat Milk 
CS-137 + 1 dtr 1.6 x 10" 1.9 x I d  

Np-237 + 1 dtt 1.3 1 0 . ~  1.5 x ld 

Pu-238 2.9 x 10" 3.4 x 10' 

Pu-239/240 3.0 10" 3.5 x ld 

Ra-226 & Pb-210 + 2dtrs 6.3 x 7.3 x ld 

Rn-222 + 4 dtrs 4.8 x ld 5.6 10' 

Tc-99 1.4 x 10'' 1.6 io4 

Th-230 1.8 x 10' 2.1 x 16 

U-234 2.6 x lo-' 3.0 io4 

U-235 + 1 dtr 2.3 x lo-' 2.7 io4 

U-238 + 2 dtrs 3.6 x lo-' 4.2 io4 

St-90 + 1 dtt 1.5 10" 1.7 x ld 

Th-232 + 10 dtrs 8.0 x 9.3 x ld 

3.0 io3 

2.0 io3 

4.4 io3 

1.0 x io5 

N A ~  

2.8 io3 

4.2 x lo2 

7.2 x 

2.7 x lo6 

1.2 io5 

3.8 io5 

3.4 io5 

5.3 x io5 

5.3 x io3 

1.1 x 10' 

3.4 x lo-' 

4.2 x io3 

1.5 x 

NA 

1.7 x lo2 

1.3 io5 

3.2 io3 

4.3 io3 

3.8 x io3 

5.9 x io3 

1.4 x lo2 

7.4 x ld 

4.2 x 10' 

1.2 x 

2.8 x 10" 

3.0 x io4 

3.4 x Id 

6.1 

1.1 x io4 

4.7 x lo2 

5.1 x io4 

4.5 io4 

7.1 x io4 

NA 

'Intakes calculated using concentrations in Table E.3-15 and exposure factors in Table E.3-17. 

%A - Not applicable. Radon is a gas. 



FEMP-OlRI4 DRAFT 
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t .  

TABLE E.I.U-43 

INTAKES - CHEMICAL CARCINOGENS (mglkglday)' *-. 
FUTURE CONDITIONS - AIR - 

ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 

________ 

Ingestion of 
C o n c e n t r ~  Vegetables Ingestionof Ingestionof 

ChUIl iCal  (mgh3) Inhalation mdhuit Meat Milk 

A K U I i C  

BUylliW 

C&W 

chnrmium 

Nickel 

Aroclcn-1248 

&la-1254 

Benzo(a)anthrecare 

Bauo(a)pyrene 

Bauo(b)fluoranthene 

Bauo(g.hi)pyrene 

Chryme 

Indeno(l33cdlpyme 

Plt.drlompheml 

TetrachloToethene 

23.7.8-TCDF 

HpCDD 

HpCDF 

HxCDD 

HxCDF 

OCDD 

OCDF 

4 2  103 

3 2  x 106 

5.7 x 1(9 

4.0 105 

5.7 105 

5 5  107 

5.0 1 ~ 7  

7.1 x lQ' 

1.1 x 10' 

32 x 10" 

75 x lo7 

7 3  x lU' 

2.6 x 1Q' 

2.6 107 

12 10-7 

3.9 x 10" 

6 3  x 10" 

1.7 x 1Ul0 

5.1 x lull 

5 3  x 1U1l 

2 5  109 

1 5  x 10'' 

2.7 x l@ 

2.1 107 

3.7 x lU7 

2.6 x 106 

3.7 x 104 

3.6 x 10' 

32 x 10' 

4.6 1 0 9  

4.9 x 10' 

7.1 x 10'0 

2.1 10-9 

1.7 109 

4.7 x lo9 

1.7 x 10' 

7.8 x lU9 

2 5  x 10" 

4.1 x 1U1' 

1.1 x lo-" 

3 3  x 10'2 

3.4 x 10'2 

1.6 x 10" 

9.7 x 10'2 

4.1 103 

3.1 x 106 
4.8 x 10' 

5.2 105 

4.9 10-7 

4.4 107 

7.0 107 

9.1 109 

2.6 x 104 

6.1 x 1U' 

2.6 x 10' 

6.4 x 10' 

2.1 x 10-8 

2.3 107 

1.2 107 

3 2  x 10" 

5.2 x 10'0 

1.4 x 10" 

4.2 x lo-" 

4.4 x 10" 

2.1 10-9 

1 2  x 10'0 

1.2 x 103 

6.0 107 

3.9 10-5 

4.0 10-7 

6 5  x 10-6 

1.2 x 104 

1 3  x 10-6 

3.4 x 10' 

9.6 107 

4.7 x 10' 

6.2 x lU7 

3.7 x 10' 

1.4 x 106 

3 2  x 10' 

5.1 x 10" 

3.8 x 10" 

6.1 109 

1.7 1 0 9  

5.0 x 1U'O 

5.1 x 1U1O 

15 10-9 

2.4 x 10' 

intakes calculated usmg concentrations m Table E3-15 and exposure factors m Table E.3-17. 

1.4 x 1@ 

2.2 x 109 

4 3  105 

5.0 10-7 

4.7 x lU5 

8.2 x lo5 

1.1 x 106 

4.4 x 10' 

1.2x 104 

5.9 x 10' 

7.8 x 10' 

4.6 x 10' 

1.7 x 106 

4.0 x 10' 

6 5  x 10" 

7 3  x 10" 

1.2 x 10' 

3.2 109 

9 5  x 1010 

9.9 x lQ'O 

4.7 x 1u8 

2.8 109 

E-III-84 



TABLE E.III-44 

INTAKES - TOXIC CHEMICALS (mg/kg/dag)' 
FUTURE CONDITIONS - AIR 

ON-PROPERTY RME ADULT UNDER F"URE LAND USE 

Concentntion Ingestion of @ I  

Chemical (mgim3 Inhalation Vegetables and Fruit Ingestion of Meat Ingestion of Milk 4 
CB 
@ 4.7 x IO" 1.9 x IO" Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 
- L  

Q. - Memry r13 
If Molybdenum 
.-A 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

UraniUm 

1.3 1 0 - ~  

4.2 10" 

2.2 10" 

3.1 

5.7 x 10" 

4.0 

5.7 x IO" 

3.2 x 

3.2 x IO" 

8.4 x IO" 

1.4 x 10' 

3.4 10" 

6.0  IO-^ 
5.7 

1.0 x  IO-^ 

3.3 x 10" 

3.9 x 10" 

1.0 x IO0 

6.6 x 

8.7 x IO" 

8.4 x 

2.7 x IO" 

1.4 x 10' 

2.1 x 

2.0 x IO" 

3.7 x 

5.4 x io7  

3.7 x 

2.6 x IO" 

2.1 x 

9.1 x IO" 

2.2 x 10' 

4.3 x I O 8  

3.9 x IO" 

3.7 x IO" 

5.6 x 10" 

2.1 x ' 

6.5 x IO-' 

2.5 x IO" 

6.5 x 

1.9 x  IO-^ 
4.1 10" 

4.9 x 10" 

2.5  IO-^ 
4.8 lo5  

5.2 x  IO-^ 
n.o x 10" 

2.3 x 

3.8 x 

6.0 i o 3  

8.3 10" 

2.6 x 10" 

2.3 10" 

3.8 i o 5  

3.1 x IO" 

2.9 x IO" 

6.8 x 

2.6 x 10' 

2.8 x IO" 

8.2 x lo-' 

1.2 

3.7 x 10" 

6.0 x 

5.4 

3.9 x 1 0 ' ~  

2.7 x 10" 

2.4 x 

2.5 x 

5.3 x IO" 

1.8 x io5 

7.9 x  IO-^ 
1.2 x 10" 

3.3 x 1 0 - ~  

1.6 10" 

2.0 x 

3.7 x 10" 

9.0 

6.5 x IO4 

6.5 x 

1.4 x 10" 

3.4 x 10 '~  

2.2 iog 

4.7 x 10" 

4.3 10-5 

1.1 i o 5  

1.5 x i o 3  

8.2 x 1 0 - l ~  

8.2 x 

1.9 x 

1.3 x 1 0 - ~  

7.9 x 

8.2 10-5 

3.5 x 10'~ 

4.0 x IO" 

4.1 x 10" 

4.0 x IO" 

1.9 x 
1.1 x 10-1 

Ih 



1 AS-.Ill-?4 

(Continued) 

Concentration Ingestion of 
Chemical ( m r n 3 )  Inhalation Vegetables and Fruit Ingestion of Meat Ingestion of Milk 

Vanadium 1.1 7.1 x 10 '  1.2 1 0 ' ~  3.8 x lo4 1.2 x io5 

Zinc 6.8 x lo-' 4.4 x 10" 7.9 x I O 3  9.5 x 3.8 x lo4 

'Intakes calculated using concentrations in Table E.3-15 and exposure factors in Table E.3-17. 

c .. 

I 
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TABLE EJII-45 

INTAKES - wABI0NUCLIB)Es (pCi)' 
FUTURE CONDITIONS - SURFACE SOIL 

ON-PROPERTY RME ADULT - FOOD INGESTION 

Ingestion of 
Concentration Vegetables Ingestion Ingestion 

Radionuclide (Si&!) and Fruit of Meat of Milk 

CS-137 + 1 dtr 

Np237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 + 8 dtrs 

Sr-90 + 1 dtr 

Tc-99 

. Th-230 

Th-232 + 10 dtrs 

u-234 

U-235 + 1 dtr 

U-238 + 2 dUS 

1.0 x 10' 3.9 x lo4 1.6 x 1 6  2.3 x 1 6  

5.0 x lo-' 6.3 x I d  2.8 x l@ 1.0 x I d  

3.8 x 10" 2.2 x 10' 1.8 x lo-' 1.5 x lo-' 

1.3 x lo-' 7.5 x 1$ 6.2 x 5.0 x loe2 

9.5 x 10' 1.8 x I d  5.3 x ld 3.9 x I d  

1.7 x 10' 5.4 x 1 6  1.2 x 1 6  2.4 x 106 

8.7 x 10' 1.7 io7 6.4 x io7 3.1 x io8 

7.5 x 10' 8.1 x I d  4.4 x l$ 1.5 x I d  

4.3 x 10' 4.8 x l@ 2.6 x 10' 8.8 x 10' 

6.0 x 10' 3.0 x 1 6  2.4 x lo4 2.4 x 1 6  

6.8 x 10' 3.6 x lo4 2.4 x I d  2.8 x 104 

2.4 x I d  1.2 x 1$ 8.1 x lo4 9.6 x 1 6  

- 
*Intakes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-17. 

E-IPI-87 
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TABLE E.III-46 

INTAKES - CHEMICAL CARCINOGENS (mg/ks/day)' b- 

FUTURE CONDITIONS - SURFACE SOIL 
ON-PROPERTY RME ADULT - FOOD INGESTION 

~ ~ ~~~~ 

Ingestion of 
Concentration Vegetables Ingestion of Ingestion of 

Chemical (mg/kg) and Fruit Meat Milk 

Aroclor-1254 1.4ox loo 1.7 x 1 0 - ~  1.0 lo4 8.7 x 1 0 - ~  

Beryllium 8.00 x lo-' 8.6 x lo-' 8.2 x io-' 3.0 x 1 0 - ~  
Arsenic 4.90 x 14 2.1 10-5 2.5 x lo-' 3.0 x lo4 

"Intakes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-17. 

. 

9974 
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TABLE E.III-47 

INTAKES - TOXIC CHEMICALS (mg/kg/day)* 
FUTURE CONDITIONS - § W A C E  SOIL 

OFF-PROPERTY RME ADULT - FOOD INGESTION 

Ingestion 
Concentration of Ingestion Ingestion 

Chemical (mg/kg) Vegetables of Meat of Milk 
and Fruit 

Antimony 

Arsenic 

BariUtl 

Beryllium 

Cadmium 

Chromium 

Cobalt 

. Copper 

Lead 
Manganese 

Molybdenum 

Nickel 

Silver 

UliUliUm 

Vanadium 

Zinc 

2.72 x 10' 

4.90 x loo 

5.69 x 10' 

8.00 x 10' 

5.80 x le 

1.43 x 10' 

1.04 x 10' 

1.59 x 10' 

5.74 x I d  

2.94 x 10' 

1.70 x 10' 

4.30 x loo 

8.90 x 100 

5.20 x 10' 

1.96 x 10' 

4.67 x 10' 

5.8 x lo" 2.9 x 10" 1.2 x 10" 

2.1 io-' 2.5 10" 3.0 10" 

6.1 x 10-4 7.0 x lo-' 6.5 x 10" 

8.6 x 8.2 x 3.0 x lo-' 

6.2 x 10" a 9.2 x lo-' 6.7 x 10" 

4.6 lo-' 7.1 lo-' 7.7 lo-' 

3.0 x 10-~ 3.6 lo3 2.1 10" 

1.0 x 10" 1.3 lo-' 4.5 10" 

2.1 x 3.1 1.1 

5.2 x lo-' 3.2 x 10' 1.3 x 10" 

1.8 x 10" 3.4 x 10' 3.4 x 10' 

1.3 x 6.4 x 10" 4.2 x 10" 

6.4 x lo" 5.6 x 10" 1.5 x 

1.5 x 10" 9.9 x 10" 1.2 x 10" 

4.2 x 10" 3.9 lo-' 1.2 10" 

3.0 x loq2 3.6 x lo-' 1.4 x lo-' 

'Intakes calculated using concentrations in Table E.3-3 and exposure factors in 
Table E.3-17. 

0375  
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TABLE E.m-48 

INTAKES - RADIONUCLIDES @Ci)' 
FUTURE CONDITIONS - SURFACE WATER 

ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 

Concentration Ingestion Ingestion 
Radionuclide (PciL) of Meat of Milk 

CS-137 + 1 dtr 

Ra-226 + 8 dtrs 

Sr-90 + 1 dtr 

TC-99 

Th-230 

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

5.6 x 10' 

2.5 x lo-' 

2.6 x 10' 

1.5 io3 
1.9 x lo-' 

7.1 x I d  

4.0 x 10' 

1.7 x 103 

1.ox 16 1.7 x 1 6  

5.7 x loo 5.0 x 10' 

7.2 x I d  1.7 x 104 

1.2 x lo6 6.6 x lo6 

1.0 x lo-' 4.2 x 10'' 

1.3 x 104 

7.3 x I d  

3.1 x 104 

1.9 x 1 6  

1.1 x 104 

4.5 x 1 6  

'Intakes calculated using concentrations in Table E.3-10 and exposure factors in Table E.3-17. 

.. 
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TABLE E.III-49 

INTAKES - CXEMICAL CARCINOGENS (widby)' 
FUTURE CONDITIONS - SURFACE WATER 

ON-PROPERTY RME ADULT UNDER F'UTURE LAND USE 

Chemical 
Concentration Ingestion of Ingestion of 

(mg/L) Meat Milk 

Benzene 

~~ 

2.3 

6.9 x 

~~ 

3.5 x lo6 4.3 10" 
1.7 x 1 0 '  2.2 x lo8  

%takes calculated using concentrations in Table E.3-10 and exposure factors in Table E.3-17. 
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TABLE Em-50  

INTAKES - TOXIC CHEMICALS 
FUTURE CONDITIONS - SURFACE WATER 

ON-PROPERTY RME ADULT UNDER rmTuRE LAND USE 

Concenrration Ingestion Ingestion 
Chemical (ma) of Meat of Milk 

Anthony 

Arsenic 

Barium 

Copper 
Cyanide 

Lead 
Nickel 

Selenium 

Silver 

Vanadium 

zinc 

3.0 x 10-~ 

2.3 x 10" 

6.8 x 

1.8 x 

7.6 x lo2 

2.2 x 10" 

2.0 x 10-~  

3.2 x 10" 

1.5 x 10'' 

1.3 x 

9.6 x 

6.5 x 10" 

3.5 x 10" 

6.7 x 

4.7 x 10" 

3.4 x 10-10 

2.0 x 10" 

1.6 x 10" 

3.2 10'5 

3.5 x 10-~ 

1.9 x 10" 

8.3 x lo-' 

2.6 x 10" 

4.3 x io-' 

6.2 1 0 4  

2.8 x 10" 

4.8 x lo-'' 

6.8 x 10" 

1.0 x 10" 

3.5 x 10'~ 

9.4 x 10" 

3.3 x 10'' 

6.2 x 10" 

aIntakes calculated using concentrations in Table E.3-10 and exposure factors in Table E.3-17. 
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TABLE Em-51 

INI"I'K.SS - RADIONUCLIDES (pCi)" 
FUTURE CONDITIONS - SURFACE SOWEXPOSED PIT MATERIALS 

ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 

c 

Concentration ingestion 
Radionuclide (Pew of soil 

(3-137 + 1 dtr 4.7 x loo 2.1 io4 

Np237 + 1 dtr 

Pu-238 

2.9 x 100 1.3 io4 
6.3 x lo-' 2.8 x 103 

Pu-2391240 2.6 x 1 0 0  1.1 x 104 

Ra-226 + 8 d a  4.9 x 10' 2.2 x 105 

Sr-90 + 1 dtr 3.1 x loo 1.4 lo4 

Tc-99 

Th-230 

1.8 x I d  

1.6 x I d  

7.9 x 105 

7.1 x lo6 

Th-232 + 10 d a .  6.2 x 10' 2.7 x I d  

u-234 

U-235 + 1 dtr 

2.9 x I d  1.3 x lo6 

3.5 x 10' 1.5 x 105 

U-238 + 2 dm 6.2 x I d  2.7 x lo6 
c 

'Intakes calculated using concentrations in Table E.34 and exposure factors in Table E.3-17. - 
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c 

TABLE E.IlI-52 
INTAKES - CHEMICAL CARCINOGENS (mg/kg/da~)~ 

FUTURE CONDITIONS - SURFACE SOWEXPOSED PIT MATERIALS 
- ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 

Chemical 

~ 

Concentration Ingestion of Dermal 
( m a g )  soil Contact 

Aroclor-1248 

Aroclor-1254 

Arsenic 
Beryllium 
Chromium 
Benzo(a)anthracene 

Benzo(a)pmne 
Benzo(b)fluoranthene 
Chrysene 
Indeno( 123-cd)pyrene 
Pentachlorophenol 
Tetrachlomethene 
2,3,7,8-TCDF 

HpCDD 

HpCDF 
H x C D D  

H x C D F  

OCDD 

OCDF 

4.08 x lo-' 

2.08 x 1 4  

3.09 x I d  

4.33 x 10' 
5.04 x 10-2 

7.84 x 10-2 

3.41 x 1 4  

3.92 x 

5.18 x 

1.82 x 

1.82 x lo-' 

2.72 x lo-' 

2.80 
2.94 x lo4 

4.31 x 

3.74 x 10-~  
1.78 x 10" 
1.04 x lo4 

1.26 x lo4 

1.0 x lo6 

5.1 x IO4 

7.6 x 

1.1 x lo4 

7.4 x lug 

2.0 1u7 
1.3 1u7 
4.5 x lo8 
4.5 1u7 

8.4 x lo6 

9.6 x lug 

6.8 x lo" 
6.9 x lo-'' 

3.1 x 10." 

9.2 x lo-'' 

2.5 x 10''' 

7.3 x 1 0 ' O  

1.1 x 10-'O 

4.5 x 10.~ 

8.4 x IO6 

4.3 

2.1 x lo4 

3.0 10'~ 
2.1 x lo4 

1.1 x lod 

3.5 x lo6 

1.2 x lo4 
1.2 10" 

7.5 x lob 

1.9 

2.3 x lo6 

2.7 x lo6 

2.0 x 

8.6 x 

3.0 
2.6 
1.2 107 
7.1 109  

*Intakes calculated using concentrations in Table E.34 and exposure factors in 
Table E.3-17. 
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TABLE Em-53  

INTAKES - TOXIC CHEMICALS (mg/kg/dag)' 
FUTURE CONDITIONS - SURFACE SOIUEXPOSED PIT CONTENTS 

ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 

Chemical 
Concentration Ingestion of 

(mg/kg) soil Dermal Contact 

AntimCHlY 
Arsenic 

Barium 
Beryllium 
Boron 
cadmium 
chromium 

cobalt 
Cyanide 

copper 
Lead 

mgan= 
Mercury 
Molybdenum 
Nickel 
Selenium 

Silver 
Thallium 
Tin 
Uranium 
Vanadium 
Zinc 

Pentachlorophenol 
Teuachloroethene 

3.17 x 10' 

259 x I d  
3.41 x 1 4  
2.17 x 10' 
8.90 x 1 4  
4.33 x 10' 
153 x 10' 
2.25 x 10-' 
8.13 x I d  
1.16 x I d  
2.95 x I d  
5.22 x 10' 
6.84 x 10' 
6.85 x 10' 
7.58 x 100 
1.46 x 10' 
3.96 x loo 
2.90 x 10' 
9.89 x I d  
9.75 x I d  
9.13 x 10' 
1.82 x 10' 
2.72 x 10'' 

3.09 x I d  
7.8 105 
7.6 10-3 
6.4 10-3 

5.3 10-5 
2.1 1u5 

3.8 10-5 

2.0 10-3 

73 10-3 

8.4 x 10-6 

1.1 x 104 

5.6 x lU7 

2.8 x 104 

1.3 x 10-6 
1.7 x 104 
1.7 x 104 
1.8 10-5 
3.6 10-5 

7.1 10-5 
2 5  10-3 
2 5  10-3 

4.5 10-7 

9.7 x 10-6 

2.3 x 104 

6.8 x lU7 

2.2 x 

2.1 x lo4 
1.8 x 10" 

1.5 10-~ 
2.3 x 10" 

6.1 x 10" 
3.0 x 10" 
1.1 10-~ 
1.5 10'~ 

7.9 
2.0 

4.7 

- 
5.6 x lov5 

1.8 x 10-6 

2.3 x 10" 
5.2 x 10" . 

1.0 105 
2.7 x 10'~ 
2.0 x 10" 
6.8 x lo4 
6.7 105 
6.3 10-~ 
1.2 x 10-~ 
7.5 x 10" 

%takes calculated using concentrations in Table E.34 and exposure factors in 
Table E3-17. 
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TABLE EJII-54 

INTAKES - RADIONUCLIDES @Ci)" 
FUTURE CONDITIONS - GROUNDWATER 

ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 

- 

Ingestion of Ingestion of 
Concentration Drinking Vegetables Ingestion Ingestion of 

Radionuclide @ci/L) Water and Fruit of Meat Milk 
- 

Np237 + 1 dtr 1 2 x  10" 5.9 x loo 1.9 x 1$ 6.6 x 2.5 x 

Pu-238 1.3 x lo-' 6.4 x ld 1.9 x ld I 3.5 x lo2 2.9 x 

Ra-226 + 8 d a  1.8 x 100 8.8 x lo4 3.0 x 104 5.7 x I d  4.2 x I d  

Sr-90 + 1 du 4.7 x io3 2.3 x lo2 9.3 x 10' 3.3 x l$ 6.6 x 10' 

Tc-99 1.6 x 10' 7.8 x 1 6  2.5 x 1 6  9.9 x 1b' 4.8 x 1 6  

Th-230 1.0 x 100 4.9 io4 1.5 x 104 3.9 x 1$ 1.3 x 10' 

u-234 8.8 x l@ 4.3 io7 1.3 x lo7 9.6 x 1b' 1.2 x lo6 

U-235 + 1 dtr 2.0 x 102 9.8 x 106 3.0 x 106 2.0 x lb' 2.6 x 1 6  

U-238 + 2 dtrs 4.2 x I d  2.1 x 108 6.3 lo7 4.6 x 1 6  5.7 x 106 

'Intakes calculated using concentrations in Table E.3-13 and exposure factors in Table E.3-17. 
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TABLE EJII-55 

INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 
FUTURE CONDITIONS - GROUNDWATER 

ON-PROPERTY W E  ADULT UNDER A L L  LAND USES & 
@ 
4 Ingestioll of 

concentfation Ingestionof Damal Vegetables Ingcakmof Ingutkmof 
chemical ( m a )  Wata InhatatiOn contact and Fluit MCat Milk 

Arsenic 5.82 x 10" 1.6 x IO9 0.0 x 16 4.0 104 5.9 1u3 8.9 x IO4 1.1 x 104- 

'Intakes calculatbd using concentrations in Tabk E.3-13 and exposurc factors in Table E.3-17. 



TABLE Em-56  

INTAKES - TOXIC CHEMICALS (mglkglday)' 
FUTURE CONDITIONS - GROUNDWATER 

ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 
. .  

Ingestion of J-? 
r.. 
L 

concenvation Ingestionof Dermal Vegetables and Ingestion of Ingestion of 
Chemical (mg/L) Water Contact Fruit Meat Milk 

AntimOny 1.75 x 10" 4.8 lo9 1.2 x 10" 2.8 x 3.8 x lo4 1.5 x lo4 
Arsenic 5.82 x IO-' 1.6 x 10" 4.0 x lo-' 5.9 x 10-~ 8.9 x lo4 1.1 x lo4 

Barium 6.51 x lo-' 1.8 x 10" 4.5 10-s 1.7 x 102 6.4 x lo4 6.0 x 10-~ 
Born 3.08 x 8.4 x lo4 2.1 x 106 2.5 x lo4 1.4 x 10" 1.3 io5 

Cyanide 4.22 x lo6 1.2 lo-' 2.9 x lo-'' 5.4 x l o 8  1.9 x 10-l~ 2.7 1 0 - l ~  

Lead 

Manganese 
5.80 x 1.6 4.0 x 10" 1.4 10'3 5.3 x io5 1.8 x lo4 

2.07 x l o o  5.7 x 1.4 x lo4 4.1 x 2.0 x 10" 7.0 103 
I 

8.6 x lo4 1.0 x 10-l 7.4 x lo4 9.2 x 1 0 - ~  s U d U m  1.26 x 10' 3.5 x lo-' 

"Intakes calculated using concentrations in Table E.3-13 and exposure factors in Table E.3-17. 
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TABLE Em-57 
INTAKES - RADIONUCLUDES (pCi)' 

FUTURE CONDITIONS - PERCHED WATER 
ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 

Concentration 
Radionuclide (Pa) Ingestion 

0-137 + 1 dU 

Np237 + 1 dtr 

PU-238 

PU-239/240 

Ra-226 + 8 dtrs 

Sr-90 + 1 dtr 

To99 

Th-230 

Th-232 + 10 dtrs 

U-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

9.0 x 10' 

7.5 x loo 

4.9 x 10-l 

5.0 x lo9 

7 2  x 10' 

4.0 x 10' 

2.7 x Id 

3.0 x 1 8 '  

5.1 x lo4 

1.5 x Id 

2.8 x 104 

4.3 io5 

4.4 x lo6 

3.7 x io5 

2.5 x io3 

3.5 x lo6 

2.0 x lo6 

2.4 x 104 

1.3 x lo8 

1.5 x 104 

2.5 x io3 

7.4 x 109 

1.4 x io9 
2.1 x 1ol0 

%takes calculated using concentrations in Table E.3-13 and exposure factors 
in Table E.3-17. 
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TABLE E.III-58 
INTAKES - CHEMICAL CHEMOCARCINOGENS (mg/kg/day)' . 4 7 

FUTURE CONDITIONS - PERCHED WATER 
ON-PROPERTY RME ADULT UNDER F'UTURE LAND USE 

Chemical Ingestion 

Arsenic 

Beryllium 

Tetrachloroethene 

Vinyl chloride 

Pentachlorophenol 

Arocl~r-1248 

Aroclor-1254 

Benm(a)anthracene 

k n z o o p m e  
Benzo(b)fluoranthene 

Benm(k)fluaanthene 

Dibenzo(ab)anthracene 

Indeno(l23ca)pyrene 
2,3,7,8-TCDF 

HpCDD 

W D F  
HxCDD 

HxCDF 

OCDD 

OCDF 

1.23.7.8-PeCDF 

23,4.7,8-PecDF 

6.32 x 10' 

2.04 x 10-2 

1.00 x loo 

2.00 x lo" 

5.00x 10-2 

1.00 x 10'' 

4.00 x 10-2 

4.00 x lCr2 

4.00x lo2 
4.00 x 1u2 

4.00 x 10-2 

1.00 x 1c2 

4.00 x 1Cr2 

1.40 x 10-I 

5.30 x 10-6 

9.40 x l(r7 

2.00 x 10-6 

1 m x  10-6 

1.10 x 10-6 

1.00x 10-6 

1.10 x 10-6 

7.50 10-7 

1.80 x lod 

~ 

1.7 x 102 

5.6 x 1W' 

3.8 10-3 

5.5 10-3 

1.4 x 103 

2.7 10-3 

1.1 x 10-3 

1.1 x 10-3 

1.1 x 10-3 

1.1 10-3 

1.1 x 10-3 

1.1 x 10-3 

1.5 x 10-7 

2.7 x lo2 

2.7 x 1W' 

2.6 x 10" 

5.5 x lo8 
2.1 x lo* 
3.3 x lo8 
4.9 x l(r8 

3.0 x l0-' 

2.7 x 10-' 

3.0 x 10-* 

~ ~~ 

"Intakes calculated using concenaations in Table E.3-13 and exposure factors in Table E.3-17. 
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TABLE EJlI-59 

INTAKES - TOXIC CHEMICALS (mg/kg/day)' 
FUTURE CONDITIONS - PERCHED WATER 

ON-PROPERTY RME ADULT UNDER FUTURE LAND USE 

Antilnooy 

M C  

Barium 

Beryllium 

Boron 

Cadmiwn 

chromium 

cobalt 

copper 
Cyanide 

Lead 

-gaaese 

MeKZlfy 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Ti0 

Uranium 

V d U m  

Zinc 

ACZXUphthene 

AnthGlcene 

Fluomthene 

Fluorene 

Naphthalene 

Phenanwne 

Pyre= 

956 x 10' 

632 x 10' 

1.96 x loo 

2.04 x 10' 

2.93 x laP 

1.18 x 10' 

129 x 10' 

338 x 10' 

9.48 x 10' 

3.60 x loo 

6.91 x 10' 

2.41 x le 
2.18 x 10' 

1.15 x lv 
2.13 x lod 

3.80 x lo3 
6.67 x 10' 

754 x 10' 

829x lob 

5.00 x lo' 
1.44 x loo 

1.79 x lod 

4.00 x 10' 

4.00 x 10' 

4.00 x 10' 

4.00 x 10' 

1.60 x 10' 

4.00 x 10' 

4.00 x IO* 

2.6 x 10' 

1.7 x 10' 

5.4 x 10' 

5.6 x lo4 

8.0 x lo-' 
3.2 x 10' 

35 io3 

9.3 i o 3  

2.6 x lo-' 

9.9 x 10' 

1.9 x 10' 

6.6 x 10' 

6.0 x IO4 

3.2 x 100 

5.8 x 1 0 '  

1.0 x lo4 

1.8 x J O '  

2.1 x IO2  

23 x 1 0 '  

1.4 x 10' 

3.9 x 1 0 '  

4.9 x 10' 

1 . 1  1 0 3  

1 .1  1 0 3  

1 . 1  1 0 3  

1 .1  1 0 3  

1 .1  1 0 3  

1.1 x I O 3  

4.4 x 10' 

c 
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(Continued) 
. 

ConCentration 
chemical (mgh) Ingestion 

penI8Chlorophenol 2.00 x lo-' 5.5 10-3 

TeaaCMaroethene 1.40 x lo-' 3.8 10-3 

4-Nitrophenol 1.00 x lo-2 2.7 x 104 

%takes calculated using concentrations in Table E3-13 and expasure factors in 
Table E3-17. 
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TABLE E.m-60 

INTAKES - RADIONUCLIDES @Ci)' 
rmTuRE CONDITIONS - AIR 

ON-PROPERTY CT ADULT UNDER FUTURE LAND USE 

Radionuclide 

~~ ~~ 

Ingestion of 
Concentration Vegetables and Ingestion of Ingestion of 

(Pcitm') Inhalation Fruit Meat Milk 

CS-137 + 1 dtr 

Np-237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 & Pb-210 + 2 dtrs 

Rn-222 + 4 dtrs 

Sr-90 + 1 dtr 

TC-99 

Th-230 

Th-232 + 10 dtrs 

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

1.6 io-' 

1.3 x io-' 

3.0 10-~ 

2.9 x lo4 

6.3 x 

4.8 x I d  

1.5 io-' 

1.4 x lo-' 

1.8 x 10' 

8.0 x 

2.6 x lo-' 

2.3 x lo-' 

3.6 x 10" 

1.4 x 10' 

1.1 x 10' 

2.5 x le 
2.6 x 10' 

5.4 x I d  

4.1 x lo6 

1.3 x 10' 

1.2 x Id 

1.6 x 104 

6.9 x I d  

2.2 x I d  

2.0 x I d  

3.1 x ld 

1.9 x I d  

1.3 x I d  

2.7 x 10' 

2.9 x I d  

6.6 x ld 
N A ~  

1.8 x I d  

1.4 x lob 

1.7 x I d  

7.7 x I d  

2.5 x 104 

2.2 x lob 

3.4 x lob 

3.6 x I d  

7.7 x lo-' 

1.0 x 10" 

2.8 x I d  

1.1 x 10' 

2.2 x I d  

9.6 x 10' 

2.9 x I d  

2.3 x 

NA 

8.7 x Id 

2.5 x I d  

4.0 x I d  

5.0 x I d  

2.8 x lo-' 

8.3 x lo4 

1.9 x 

2.0 x I d  

NA 

2.3 x ld 

4.1 x lob 

7.2 x I d  

3.2 x 10' 

3.4 x I d  

3.0 x I d  

4.8 x ld 

'Intakes calculated using concentrations in Table E.3-'15 and exposure factors in Table E.3-17. 
%A - Not applicable. Radon is a gas. 
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TABLE E..III-61 
b '  

INTAKES - CHEMICAL CARCINOGENS (mglkglday* - 
mJTURE CONDITIONS - AIR 

ON-PROPERTY CT ADULT UNDER FUTURE LAND USE 

Ingestion of 
Conanaation Vegetables Ingestion of Ingestion of 

chanical (mg/in3) Lnhalation md Fruit Meat Milk 

4 2  1 0 3  

3 . 2 ~  lob 
5.7 x lob 
4.0 1 0 5  

5.7 x los 
55 1 0 7  

5.0 107 

7 5  1 0 7  

7.1 x 10' 

1.1 x 10' 

3.2 x 10' 

7 3  x 10' 

2.6 x 10' 

2.6 1 0 7  

1.2 x 1 0 7  

3.9 x lull 
63 x 10" 

1.7 x 10" 

5.1 x 10" 

5 3  x 10" 

25 10-9 

15 x 10'" 

2.0 x 

15 x 10' 

2.7 x 10' 

1.9 1 0 7  

2.7 x 

2.7 10-9 

2.4 10'~ 

3.4 x 1 0 ' O  

3.6 

5 3  x 10" 

15 x 

3 5  x 1Q'O 

13 x lo-'' 
13 

5.8 x 10'0 

1.9 10-13 

3.0 x 1012 

8.2 x loi3 
25 x IO-" 

2.6 10.13 

7.2 10-13 

1.2 x lo-" 

2.6 x le 
2.0 107 

3.1 x lob 
3.4 x lob 

1.7 10-5 

3.1 x 10' 

2.8 x 10' 

4.0 1 0 9  

45  x 10' 

5.9 x 10'0 

1.7 109 

4.2 10'9 

1.4 10-9 

7.8 109 

2.1 x 10'2 

3.4 x 1011 

9.1 x 10-12 

2.7 x 1UI2 

2.8 x l0l2 

13 x 10" 

15 x 10' 

8.0 x 10-12 

7.8 1 0 5  

4.4 1 0 7  

4.0 x 10' 

2.6 x lob 
83 x 10' 

2.7 x 10' 

9.0 x 10' 

23  x 1 0 9  

6 5  x 1Q8 

3.1 x lo9 
4 2  x 108 

25  109 

2.1 1 0 9  

9.1 x 10' 

3.4 x 10'2 

2.6 x 10" 

4.1 x 10" 

1.1 x 10'0 

3 3  x 10-1' 

3 5  x 10-4 

1.6 109 

9.8 x 10-11 

9 3  x lob 
15 x 10" 

3.2 x lob 
2.9 x lob 
5 5  x lob 
3.4 x 1 0 8  

7.7 x 10' 

3.0 1 0 9  

4.0 1 0 9  

5.2 x 10' 

3.1 109 

1.1 10-7 

2.7 1 0 9  

4.4.x 10'2 

4.9 x 10" 

7.9 x 10 '0  

2.1 x 1010 

8.2 x 10' 

6.4 x 1U'I 

6.7 x 10" 

3.2 109 

1.9 x lVIo 

caldotsd wing con~entrations in Table E3-15 wd exposure factors in Table E.3-17. 
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Ingestion of 
ConcQWation Veguables Ingestion of Ingestion of 

C h a n i C d  (mg/m3) Inhalaton a n d M t  Meat Milk 

13 IUS 

4.2 10-3 

2.2 103 

3.1 1 ~ 5  

5.7 x 104 

4.0 1u5 

3.2 x lob 

8.4 x lob 
5.7 x 104 

3.2 10-7 

3.4 iu3 

6.0 IUS 

5.7 10-5 

1.0 105 

1.4 x 104 

6.6 x lo7 

8.7 x lob 
3 3  x 104 

3.9 105 

1.1 1 ~ 3  

1.0 x loo 

6.8 x lU5 

4.88 x lU7 

158 x 104 

8.25 x lU5 

1.20 107 

1.16 x lob 
2.14 x lU7 

150x lob 
3.15 107 

2.14 x lQ5 

120 x lue 
5.25 x lob 
l a x  104 
2.48 x 1Q' 

225 x lob 

3.75 107 

3.26 10-7 

lax 107 

2.14 x 10' 

1.46x lob 
3.75 x 10' 

4.13 x l(r' 

255 x 106 

9.4 x lob 
2.1 103 

2.4 1 ~ 3  

1 3  105 

2.4 105 

2.6 1 ~ 5  

1.2 1 ~ 3  

1.9 107 

3.0 103 

3.4 10-7 

1.6 x lob 

5.1 x lob 

1.4 x 104 

4.2 x los 
1 3  x 104 

1 3  105 

1.2 105 

1.9 105 

1.4 x lob 

4.1 x 1Q' 

5.9 x 104 

4.0 103 

2 3  x lob 
6.0 x 104 
1.9 x 104 

3.1 10-7 

2.8 107 

2.1 105 

1.4 1 ~ 5  

1.8 1 ~ 7  

3.4 1 ~ 1 3  

13 1u5 

3.4 x lob 

2 8  x 104 

9.6 x lob 
4.1 IUS 

6.4 10-5 

1.7 105 

1.0 1 ~ 5  

8.1 x l4 

1.9 x lo-' 

4.7 x lU3 

2 0 x  104 

5.0 x 1U2 

9.8 1 ~ 7  

1.8 103 

1.1 109 

2.1 x lob 
2 5  IUS 

2.2 1u5 

5.7 x 104 

7 3  x lU5 

7.6 x 104 

4 3  10-13 

4 3  10-5 

9.8 x 104 

6.9 x 108 

4.1 10-5 

4 3  105 

1.8 105 

2.2 x 104 

2.1 x lob 

9.7 x lob 
5.6 x I d  

6.4 x lob 
2.0 x lo2 

%takes calculated usmg concarfrations m Table E3-15 and exposure factors m Table E.3-17. 
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TABLE E1II.I-63 

INTAKES - RADIONUCLIDES @Ci)' . .  
FUTURE CONDITIONS - SURFACE SOIL 

ON-PROPERTY CT ADULT - FOOD INGESTION 

Ingestion of 
Concentration Vegetables Ingestion Ingestion 

Radionuclide @ci/s> and Fruit of Meat of Milk 

CS-137 + 1 dtr 

Np-237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 + 8 dtrs 

Sr-90 + 1 dtr 

TC-99 

Th-230 

Th-232 + 10 dtrs 

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

1.ox 10' 

5.0 x lo-' 

3.8 x lo-' 

1.3 x lo-' 

9.5 x lo-' 

1.7 x 10' 

8.7 x 10' 

7.5 x 10' 

4.3 x 10' 

6.0 x 10' 

6.8 x 10' 

2.4 x ld 

2.5 x I d  

4.1 x I d  

1.4 x 10' 1.2 x 

4.8 x lo-' 4.2 

1.1 x 104 

1.9 x 10' 

1.2 x 10-2 

3.5 x io4 
3.6 x 10' 

7.8 x I d  

1.1 x lo6 4.3 x lo6 

5.2 x I d  

3.1 x 10' 

1.9 x io4 
2.3 x I d  

7.9 x 104 

3.0 x 10' 

1.7 x 1$ 

1.4 x I d  

1.6 x I d  

6.4 x I d  

1.5 x 104 

9.9 10-~ 

3.4 x 10" 

6.9 x 10' 

2.6 x I d  

1.6 x I d  

2.1 x 10' 

9.9 x 10' 

5.9 x 1$ 

1.9 x I d  

1.6 x 104 

6.4 x 104 

'Intakes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-17. 
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TABLE E.III-64 

INTAKES - CHEMICAL CARCINOGENS (mg/ks/day)* 
IWI'URE CONDITIONS - SURFACE SOIL 

ON-PROPERTY CT ADULT - FOOD INGESTION 

Ingestion of 
Concentration Vegetables Ingestion of Ingestion of 

chemical (mg/kg) and Fruit Meat Milk 

Aroclor-1254 1.4ox loo 1.1 x 10-6 6.9 x 1@ 5.9 x 104 

Arsenic 4.9ox loo 1.4 x 10-6 1.7 1~ 2.0 1 ~ 7  

Beryllium 8 . 0 0 ~  10-' 55 x 104 5 5  x 1C8 2.0 x lO-'O 

.Risks calculared using concentrations in Table E.3-5 and exposure factors in Table E.3-17. 
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i 

TABLE E.III-65 

INTAKES - TOXIC CHEMICALS (mgflrg/dag)' 
FUTURE CONDITIONS - SURFACE SOIL 

ON-PROPERTY CT ADULT - FOOD INGESTION 

Ingestion of 
Concentration Vegetables Ingestion Ingestion 

Chemical and Fruit of Meat of Milk 
~~~ ~ 

Anthony 2.72 x 10' 2.9 x lo4 1.5 x lo4 6.1 

BariUlIl 5.69 x lo-' 3.1 x 10" 3.7 x 10'~ 3.4 x 10" 
Beryllium 8.00 x lo-' 4.3 10-7 4.3 x 10 '~ 1.5 x 
Cadmium 5.80 x l@ 3.1 x lo4 4.8 x 10-~ 3.5 x io4 

Arsenic 4.90 x loo 1.1 x 1.3 x 10'~ 1.6 x 10" 

Chromium 
cobalt 
Copper 
Lead 
Manganese 
Molybdenum 
Nickel 
Silver 

) uranim 
Vanadium 
Zinc 

1.43 x 10' 

1.70 x 10' 
1.04 x 10' 

1.59 x 10' 
5.74 x 102 

2.94 x 10' 
4.30 x I$ 

8.90 x 100 
5.20 x 10' 
1.96 x 10' 
4.67 x 10' 

'2.3 x 
2.6 x 
1.5 x 10" 
5.1 x 

9.3 10" 
1.0 x 

6.4 x lo4 
3.2 x IO4 
7.5 io5  
2.1 
1.5 x IO9 

3.7 i o5  

1.9 x 

1.6 x 

3.3 x 10" 

5.2 x 10" 
2.0 x 10-~  
1.9 x 10' 

1.7 x 10" 

7.1 x 10" 

1.8 x lo4 

2.9 x lo4 

4.0 10" 
6.7 x 10-~  
1.1 x 10" 
2.4 x 10" 
5.6 x 
1.8 x 10' 

2.2 x lo4 
7.9 x 10" 

6.2 105 
6.5 x 10.~ 
7.6-x 

*Intakes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-17. 
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TABLE E.III-66 

INTAKES - WI0MUCLII)ES (pC!)' 
FUTURE CONDITIONS - SURFACE WATER 

ON-PROPERTY CT RESIDENT ADULT UNDER FUTURE LAND USE 

Concentration Ingestion Ingestion 
Radionuclide (pci/L) of Meat of Milk 

CS-I37 + 1 dtr 

Ra-226 + 8 dtrs 

Sr-90 + 1 dtr 

TC-99 

Th-230 

u-234 

U-235 + 1 dtr 

U-238 + 2 dm 

5.6 x 10' 

2.5 x 10-1 

2.6 x 10' 

1.5 x ld 
1.9 x lo-' 

7.1 x 102 

4.0 x 10' 

1.7 x I d  

6.9 x 107 

3.8 x lo-' 

4.8 x 10' 

7.9 x 104 

7.1 

8.8 x 102 

5.0 x 10' 

2.1 x 103 

1.2 x 104 

3.3 x loo 

1.1 x 107 

4.5 x ld 

2.8 x lo-* 

1.3 x 1 d  

6.9 x 102 

3.0 x 1 d  

ahtakes calculated using. concentrations in Table E.3-10 and exposure factors in Table E.3-17. 
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TABLE E.III-67 

INTAKES - CHEMICAL CARCINOGENS (mg/kglday)* 
F'UTURE CONDITIONS - SURFACE WATER 

ON-PROPERTY CT RESIDENT ADULT UNDER FUTURE LAND USE 

Concentration Ingestion of Ingestion of 
Chemical (ma) Meat Milk 

Arsenic 2.3 x 10-~ 2.4 x io-' 2.9 x lo'* 
Benzene 6.9 x 10-~ 1.1 x 1.5 10- ~  

~ ~~ ~~~ 

Tntakes calculated using concentrations in Table E.3-10 and exposure factors in Table E.3-17. 

0996 
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TABLE E.III-68 
INTAKES - TOXIC CHEMICALS (mg/kg/day)' 
F'UTURE CONDITIONS - SURFACE WATER 

ON-PROPERTY CT RESIDEPIT ADULT UNDER F " R E  LAMI USE 

Chemical 
Concentration Ingestion of Ingestion 

( m a )  Milk of Meat 

Antimony 

h n i C  

BarilUll 

Copper 

Cyanide 

Lead 

Nickel 

SeleniUm 

Silver 

VanadiUm 

Zinc 

3.0 1 0 3  

2.3 1 0 3  

6.8 x 
1.8 x 

7.6 x l o 2  

2.2 1 0 3  

2.0 

3.2 io9 

1.5 x 10-l 

1.3 x 

9.6 x 

1.4 x la6 

2.2 1.0-7 

3.3 x lo4 

1.5 x lo4 

3.5 x lob 

5.5 x 10" 

1.8 

4.9 x lo4 

3.3 x la6 

2.5 x 

1.7 x lo-' 

3.4 x lo4 

3.5 

2.5 io4 

1.1 x lob 

8.2 1 0 - ~  

1.7 1 0 ' ~  

1.8 1 0 - ~  

1.0 x lo4 

4.4 x lo" 

1.8 x lob 

1.8 x lo-'' 

c 
qntakes calculated using concentrations in Table E.3-10 and exposun factors in Table E.3-17. 

- 
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V I  ' 

BL 47 
TABLE E.III-69 

INTAKES - RADIONUCLIDES @Ci)' 
FUTURE CONDITIONS - SURFACE SOlLIEXPOSED PIT MATERIAL 

ON-PROPERTY CT ADULT UNDER FUTURE LAND USE 

Radionuclide 
Concentration Ingestion 

of Soil (Pc i /g )  

CS-137 + 1 dU 

Np-237 + 1 dU 

Pu-238 

Pu-239/240 

Ra-226 + 8 dtrs 

Sr-90 + 1 du 

TC-99 

Th-230 

Th-232 + 10 dtts 

u-234 

U-235 + 1 dU 

U-238 + 2 dtrs 

4.7 x 10' 

2.9 x 10' 

6.3 x lo-' 

2.6 x 10' 

4.9 x 10' 

1.8 x ld 
3.1 x 10' 

1.6~ ld 
6.2 x 10' 

2.9 x ld 
3.5 x 10' 

6.2 x ld 

2.1 x io3 

1.3 io3 

1.2 x io3 

2.2 x io4 

8.0 x io4 

7.1 io5 

2.8 x io4 

1.6 x io4 

2.8 x ld 

1.4 x Id 

1.3 x 16 

2.8 x 16 

'Intakes calculated using concentrations in Table E.3-4 and exposure factors in Table E.3-17. 
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TABLE EJII-70 

6&yBg4 INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 
FUTURE CONDITIONS - SURFACE SOIUEXPOSED PIT CONTENTS 

ON-PROPERTY CT ADULT UNDER F'UTURE LAND USE 

Concentration Ingestion Dennal 
Chemical (mg/kg) of Soil Contact 
Aroclor- 1248 
Aroclor- 1254 
Arsenic 
Beryllium 
Benzo( a)anrhracene 

Benm(b)fluoranthene 

Indeno( 123-cd)pyrene 
pentachlorophenol 
Tetrachloroetheme 

B=(a)ppne 

2.3.7.8-TCDF 

HpCDD 
HpCDF 
H x C D D  
H x C D F  

OCDD 
OCDF 

4.08 x 10' 
1.46 x 10 

3.41 x 1 0  
5.04 x 
3.92 x 

3.09 x Id 

7.84 x lo2 
5.18 x 
1.82 x lo2  
1.82. x lo-' 
2.72 x lo-' 
2.80 
2.94 x 10" 
1.26 x 10" 
4.31 x lo-' 

1.78 x l o3  
3.74 105 

1.04 x 10" 

5.6 x 
2.0 10-7 
4.3 10" 
4.7 107 
7.0 10 -~  
5.4 x 
1.1 x lo8 
7.1 x 10-~  
2.5 109 
2.5 x 
3.8 x 

4.1 x lo-'' 
1.7 x lo-" 
5.9 x 

5.2 x 

3.9 x 1oI2 

2.5 x 10'O 
1.4 x lo-'' 

1.2 x 
4.4 10" 
3.1 x lo4 
3.4 x 
5.1 x 
4.0 x 
1.6 x 
5.2 x l o 8  
1.8 x 
1.8 
1.1 

- 

2.8 x lo-'' 
3.0 x lo-'' 
1.3 x lo-'' 

3.8 x 10'" 
4.4 x 10" 

1.8 . 

1.1 x 10"O 

'Intakes calculated using concentrations in Table E.34 and exposure factors in Table E.3-17. 
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1 c ,  
TABLE Em-71  

INTAKES - TOXIC CHEMICALS (mglkg/day)' 
FUTURE CONDITIONS - SURFACE SOIUEXPOSED PIT CONTENTS 

ON-PROPERTY CT ADULT UNDER FUTURE LAND USE 

Chemical 
Concenuation Ingestion Dermal 

(mg/kg) of Soil Contact 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
cobalt 

Copper 
Cyanide 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Uranium 
Vanadium 
Zinc 
Pentachlorophenol 
Tetrachloroethene 

3.17 x 10' 

2.59 x Id 
3.41 x le 
2.17 x 10' 
8.90 x l$ 

1.53 x 10' 
8.13 x l@ 

1.16 x 1dL 
2.95 x Id 

6.84 x 10' 
6.85 x 10' 
7.58 x 1$ 
1.46 x 10' 
3.96 x le 
9.89 x le 
9.13 x 10' 
1.82 x 10" 
2.72 x 10" 

3.09 x Id 

4.33 x 10' 

2.25 x 10' 

5.22 x 10'' 

2.90 x 10' 

9.75 x Id 

3.4 x 10-~ 
3.3 
2.8 10" 
3.7 x 10" 
2.3 x 10-~ 

4.7 
1.7 10-~ 

2.4 10-~ 

3.2 

7.4 
7.4 

1.6 105 
4.3 x 10" 
3.1 1 0 - ~  
1.1 x 10" 
1.1 
9.9 x 
2.0 x 10-~  

2.9 

9.6 x 10" 

8.8 x 10" 

1.3 x 10" 

5.6 x 

8.2 x 10" 

2.5 x 10" 
2.4 10" 
2.0 x lo4 
2.7 10-~ 

7.0 10-~ 
3.4 x 10" 
1.2 x 10" 

1.7 x 10" 

6.4 x 10" 
1.8 x 

2.3 x 10" 
9.1 x 10" 

2.0 io-' 
5.4 x lo4 
2.7 
5.9 X- 

1.1 x lo4 
3.1 
2.3 x 10-~ 
7.7 10-~ 
7.6 x 10" 
7.1 x 10" 
1.4 x 10" 
8.5 x 10'~ 

'Intakes calculated using concentrations in Table E.34 and exposure factors in Table E.3-17. 
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TABLE Em-72 

INTAKES - RADIONUCLIDES @Ci)" 
FUTURE CONDITIONS - GROUNDWATER 

ON-PROPERTY CT ADULT UNDER FUTURE LAND USE 

Ingestion of 
Concentration Ingestion of Vegetables Ingestion of Ingestion of 

Radionuclide Kin) Water and Fruit Meat Milk 

Np-237 + 1 dtr 

Pu-238 

Ra-226 + 8 dUS 

Sr-90 + 1 dtr 

Tc-99 
Th-230 

u-234 

U-235 + 1 da 

U-238 + 2 dUS 

1.2 x 10' 

1.3 x lo-' 
1.8 x 100 

4.7 

1.0 x loo 

2.0 x ld 

1.6 x 10' 

8.8 x Id 

4.2 x ld 

42 x lo-' 
4.5 x Id 
62 x Id 
1.6 x 10' 

5.5 io4 

3.5 x Id 
3.0 x 106 
6.9 x Id 
1.5 10' 

12 x lo-' 

12 x Id 
1.9 x Id 
6.0 x 18 
1.6 x Id' 
9.7 x Id 
8.3 x 16 
1.9 x 16 
4.1 x 106 

4.5 x 10' 1.7 x 10' 

2.4 10-3 2.0 

2.2 x 10-1 

3.8 x 10' 2.8 x Id 
4.5 x 100 

6.7 x Id 
2.6 x lo-' 

3.2 x lo4 
8.9 x lo-' 

6.4 id 7.9 io4 
1.4 x Id 
3.1 x 104 

1.8 x lo4 
3.8 x Id 

'Intakes calculated using concentrations in Table E.3-13 and exposure factors in Table E.3-17. 
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TABLE Em-73 

INTAKES - CHEMICAL CHEMOCARCINOGENS (who)' 
FUTURE CONDITIONS - GROUNDWATER 

ON-PROPERTY CT ADULT UNDER ALL FUTURE USES 
-, .. 

,- Ingestion of 
concentration Ingestlmof &mal Vegetables Ingestionof Ingestionof 

Chemical (Qm Water Inhaladon contact and FNit Meat m 
A&& 5.82 x IO-' 1.1 x  IO-^ 0.0 x 10' 2.7 x IO4 3.8 x IO4 6.0 x IO-' 7.3 x IO4 
-. 

'Intakes calculated using concentrations in Table E.3-13 and exposue factors in Table E.3-17. 
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TABLE E m - 7 4  

INTAKES - TOXIC CHEMICALS (mg/kg/dapp 
FUTURE CONDITIONS - GROUNDWATER 

ON-PROPERTY CT ADULT UNDER rmTURE LAND USE . _ . I  

I 

-4 
CB 

- 
Ingestion of 

Concentration Ingestionof Dermal Vegetables and Ingestion of Ingestion of 
Chemical (mg/L) Water Contact FNit Meat Milk 

- 1.75 x 10" 2.6 6.4 x 10" 1.4 x 1 0 - ~  2.0 x lo4 8.0 x 10-~ Antimony 

Arsenic 
t 

Barium 

Boron 

Cyanide 

Lead 
F F Manganese 

4 Uranium 
bd 
w 

5.82 x 10" 8.8 x 10" 2.1 x 10" 3.0 x 4.7 x lo4 5.7 x 10-~ 
6.51 x lo-' 9.8 x 10-~ 2.4 x 1 0 - ~  8.3 x 10" 3.3 x lo4 3.1 10.3 

4.22 x 10" 6.4 x 10' 1.5 x 10"O 2.7 x 10' 9.8 1015 1.4 
5.80 x 8.8 x lo4 2.1 x 10" 6.9 x IO4 2.8 9.3 x 10-~ 
2.07 x loo 3.1 x 7.6 10-~ 2.1 x 1.0 10" 3.7 10-~ 
1.26 x 10' 1.9 x lo-' 4.6 x lo4 5.2 x IO9 3.9 x lo4 4.8 10" 

3.08 x 4.7 x lo4 1.1 x 10" 1.3 x lo4 7.4 10-' 6.6 x 10" 

"Intakes calculated usIIig concentrations in Table E.3-13 and exposure factors in Table E.3-17. 
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TABLE E.III-75 

INTAKES - RADIONUCLIDES (pCi)' 
FUTURE CONDITIONS - PERCHED WATER 

ON-PROPERTY CT ADULT UNDER FUTURE LAND USE 

Concentration 
Radionuclides Wfi) Ingestion 

CS-137 + 1 dtr 
Np237 + 1 dtr 
PU-238 

PU-2391240 

Ra-226 + 8 d a  

Sr-90 + 1 dtr 

Tc-99 

Th-230 

Th-232 + 10 d a  

u-234 

U-235 + 1 dtr 

U-238 + 2 d a  

9.0 x 10' 

7.5 x 100 

4.9 x 10" 

5.0 x 

7.2 x 10' 

4.0 x 10' 

2.7 x Id 
3.0 x lo-' 

5.1 x loe2 

1.5 x 16 
2.8 io4 
4.3 x 16 

3.1 x 16 
2.6 io4 
1.7 x Id 
2.5 x Id 
2.5 x 16 
1.4 x Id 
9.4 x 106 

1.0 x I d  

1.8 x Id 
5.2 x lo8 
9.7 10' 

1.5 io9 

'Intakes calculated using concentrations in Table E.3-13 and exposure factors in. 
Table E.3-17. 



TABLE EJI-76 

INTAKES - CHEMICAL CARCINOGENS (~~~&/day)' 
FUTURE CONDITIONS - PERCHED WATER 

ON-PROPERTY CT ADULT UNDER mJTuRE LAND USE 

.- 

FEJdP-OlRI4 DRAt;T 
October 12 1993 

chemical Ingestion 

Arsenic 

Beryllium 

Tetrachloroethene 

Vinyl chloride 

Pentachlolophenol 

Aroclor-1248 

Aroclor-1254 

Benzo0an-e 

BenzoOpyrene 

Benzo(b)flmthene 

Benm(k)fluaranthene 

Dibenzo(a.h)ante 

Indeno(US%me 

23.7.8-TcDF 

HPCDD 
HPCDF 
HXCDD 

HXCDF 
OCDD 

OCDF 

12.3.7.8-PeCDF 

23.4.7.8-PeCDF 

- 

632 x 10-' 

2.04 x 10-2 

1.4Ox 10-1 

1.00 x 1oO 

2.00 x 10-1 

5.00 x 10-2 

1.00 x 10" 

4.00x 10-2 

4.00 x 1u2 

4.00 x 10-2 

4.00x 1W2 

1.00x 1u2 

4.00x IO2 

4.00 x 

5.30 x 10" 

9 .40~ 10-7 

2.00x I@ 

750 x 

l a x  10-6 

1.8ox 10" 

1.10 x 10" 

1.00x 10" 

1.10 x lo4 

1.2 

4.0 x 

1.9 10'3 

9.7 

7.8 x 10" 

7.8 

7.8 

7.8 

7.8 105 

2.0 x 10" 

7.8 105 

1.0 x lo-* 

1.8 x 

3.9 x 

1.5 10-~ 

2.3 x 

3.5 x 

2.1 109 

1.9 x 10-~  

2.1 x 

2.7 x lo4 

* 3.9 x lo4 

1.9 x lo4 

%takes calculated using concentrations in Table E3-13 and exposure factors in 
Table €3-17. 
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TABLE JUII-77 

INTAKES - TOXIC CHEMICALS (mg/kg/day)' 
FUTURE CONDITIONS - PERCHED WATER 

ON-PROPERTY CT ADULT UNDER FUTURE LAND USE 

3 

Chemical Ingestion 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

cobalt 

COPPeJ 
Cyanide 

Lead 

Mercury 

MolyWenum 

Nickel 

selenium 

Silver 

Thallium 

Tin 
Uranium 

Vanadirn 

zinc 
Acenaphthene 

Anthracene 

Fluoranthene 

F l U O I t X  

Nephrhalene 

Phenanthrene 

956 x lo-' 

l.% x 14 
2.04 x 1u2 

6.32 x lo-' 

2.93 x 14 
1.18 x lo-' 
129 x 10' 

338 x 10' 

9.48 x 10" 

3.60 x 14 
6.91 x 10' 

2.41 x 14 
2.18 x 

1.15 x Id 
2.13 x 14 
3.80 x 10" 

6.67 x 

754 x lo-' 
829 x 1$ 

5.00 x Id 
1.44 x 1$ 

1.79 x le 
4.00 x lo-' 
4.00 x lo-' 
4.00 x 18' 

4.00 x 

1.60 x 

4.00x lo2 

4.00 x l o 2  

1.4 x 10' 

9.5 103 

3.0 x 10' 

3.1 x 10-4 

4.4 x 1u2 
1.8 x 10' 

1.9 103 

5.1 103 

1.4 x 10' 

5.4 x l(T2 

1.0 x 10-2 

3.3 x 104 
3.6 x 10' 

1.7 x le 
3.2 x 1(T2 - 

5.7 1 0 5  

1.0 1 0 3  

1.1 x 1u2 
1.3 x 10' 

7.6 x l$ 

2.2 x 102 

2.7 x 10' 

6.0 x 104 
6.0 x 104 
6.0 x lp 
6.0 x 10-4 

2.4 x 104 
6.0 x 104 
6.0 x 104 

E-III-120 



FEMP-OIRI-4 DRAFI' 
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" , 
TABLE =-TI 

(Continued) 

Concentration 
chemical (ma) Ingestion 

4-Niuopbenol 1.00x 10-2 1.5 x 1 0 4  
pentachlorophenol 2.00x 10-1 3.0 1u3 

Tetrachloroethene 1.4ox lo-' 2.1 1u3 

%takes calculated using amcenmtions in Table E3-13 and exposure factors in Table E.3-17. 
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TABLE E.III-78 

INTAKES - RADIONUCLIDES (pCi)' 
FUTURE CONDITIONS - AIR 

ON-PROPERTY RME CHILD UNDER F"I'URE LAND USE 

Radionuclide 

Ingestion of 
Concentration Vegetables and Ingestion of Ingestion of 

(pci/m3) Inhalation Fruit Meat Milk 

(3-137 + 1 dtr 

Np-237 + 1 d u  

Pu-238 

Pu-239/240 

Ra-226 & Pb-210 + 2 dtrs 

Rn-222 + 4 dtrs 

Sr-90 + 1 dtr 

Tc-99 

Th-230 

Th-232 + 10 dtn 

U-234 

U-235 + 1 dtr 

U-238 + 2 dtn 

1.6 

1.3 x 1 0 - ~  

3.0 x 

2.9 x 10" 

6.3 x 

4.8 x lo2 

1.5 x 

1.4 x lo-' 

1.8 x 10' 

8.0 x 

2.6 x lo-' 

2.3 x 10" 

3.6 x lo-' 

3.4 x 10' 

2.7 x 10' 

6.1 x lo-' 

6.3 x 10' 

1.3 x 102 

1.0 x lo6 

3.2 x 10' 

2.9 x ld 

3.8 x Id 

1.7 x 102 

5.5 x 102 

4.8 x l$ 

7.6 x l d  

2.1 x ld 

6.8 x 10" 

3.1 x 10' 

3.1 x 102 

7.3 x I d  

N A ~  

2.0 x 102 

1.5 io4 

1.9 x I d  

2.7 x io4 

2.4 x io4 
3.8 x io4 

8.5 x ld 

1.8 x lo2 

3.8 x lo-' 

5.1 x 10" 

1.1 x 
1.4 x 102 

NA 

5.6 x 10' 

4.3 x Id 
1.1 x 102 

4.7 x 10' 

1.2 x 102 

2.0 x 102 

1.4 x 102 

1.9 x ld 
1.1 x 10' 

3.2 

7.1 x 

7.8 x I d  

NA 

8.7 x le 

1.6 x 1 6  

2.7 x I d  

1.2 x 102 

1.3 x io4 . .. 

1.2 io4 

1.8 io4 

"Intakes calculated using concentrations in Table E.3-15 and exposure factors in Table E.3-17. 
%A - Not applicable. Radon is a gas. 



FEMP-OlRI-4 DRAFT 
October 1 2  1993 

TABLE E.III-79 

INTAKES - CHEMICAL CARCINOGENS (mg/kS/day)' 
I .  . ~~ C8N"IONS - AIR 

ON-PROPERTY RME CHILD UNDER FUTURE LAND USE 

4 2  103 

3 2  x 10-6 

5.7 x lo4 

4.0 x IO-' 

5.1 10-5 

5 5  10-7 

5.0 io-' 
7.1 x 10' 

7 5  x 

1.1 x 10-6 

3 2  x lo4 

73 x 1U8 

2.6 x 10' 

2.6 10-7 

1 2  107 

3.9 x 10" 

6 3  x 

1.7 x 10'0 

5.1 x 10-11 

5 3  x 10-11 

zs 10-9 

1 5  x 1O'Io 

2 3  x 10s 

1.8 x 108 

3.1 x 10' 

2.2 x 107 

3.1 107 

3.0 x IO9 

2.7 x lo9 
3.9 x lU'O 

4.1 109 

6.0 x lO" 

1.8 x lU'O 

4.0 x 10" 

1.4 x lOl0 

1.4 109 

2.1 1013 

3 5  x 10'2 

9 3  1013 

2.8 1013 

2.9 1013 

6.6 x 10" 

1.4 x 1O1' 

8.2 x lUl3 

1.4 103 

1.0 x 10-6 

1.6 x 10' 

1.1 10-5 

1.6 10-7 

1 5  io-' 
2.0 x 10" 

2 3  10-7 

3.0 10-9 

2.1 x lo" 

7.1 10-~ 

8.7 x 10' 

8.8 x lQ9 

7 5  x 

4.0 x lo-' 

1.1 x 10" 

1.7 x 10" 

4.7 x 10" 

1.4 x lo-'' 

1 5  x lo-" 

6.9 x 

4.1 x lo-'' 

1.8 x le 

9 3  x 10' 

1.0 x lob 

1.9 x los 

2.1 lo7 
5 3  109 

1 5  iu7 

12 109 

9 5  x 1u8 

5.1 109 

2.1 107 

4.9 109 

7.9 x 1u12 

5.9 x 10" 

9 5  x 1U'O 

6.1 x lob 

6.1 x 10' 

2.6 x 1U'O 

7.7 x lull 

8.0 x 10" 

3.8 109 

2 3  x 10Lo 

1.7 x 104 

2.6 109 

5.7 105 

5.2 x 10s 

9.9 x 10s 

6.0 107 

1.4 x lob 
5 3  x lo8 
1 5  x 104 

7.1 x 10-6 

9.4 107 

75  107 

5.6 x 1U8 

4.8 x 1O' 

7.8 x 10" 

8.8 x 10" 

1.4 x 10' 

3.8 109 

1.1 109 

1.2 109 

3.4 109 

5.6 x 10' 

'Intakes calculatal usmg concartrations m Table E3-15 and exposurr fwtors m Table E.3-17. 

E-III-123 



INTAKES - TOXIC CHEMICALS (rng/kg/day)' 
rmTURE CONDITIONS - AIR 

ON-PROPERTY RME CHILD UNDER FUTURE LAND USE 

Chemical 

Ingestion of Ingestion Ingestion 
concentration Vegetables of of 

(mg/h13) Inhalation and Fruit Meat Milk 
Antimony 

Arsenic 

Barium 

Beryllium 

Boron 
Cadmium 

Chromium 

Cobalt 

Qpper 
Cyanide 

Lead 
Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Ti 

1.3 x 10" 

4.2 10" 

2.2 x 10-~ 

3.2 x 10" 

3.1 x 10" 

5.7 x 10" 

4.0 105 

8.4 x 10" 

5.7 x lo4 

3.2 1 0 7  

3.4 10" 

6.0 105 

5.7 10-~  

1.0 1 0 5  

1.4 x 10' 

6.6 x loe7 

8.7 x 10" 

3.3 x 10" 

3.9 

8.3 

2.7 x 10' 
1.4 x 10' 
2.0 io-' 

2.0 x 10" 

3.6 10-~ 

5.4 x 10" 

3.6 x io5 

2.0 x lo9 

2.2 x lo4 

2.6 x 10" 

8.9 x 10" 

4.2 x lo-* 

3.8 x lo6 

3.6 x 10" 

6.4 

2.1 10-7 

' 5.6 x 10'' 

2.5 x 10" 

7.3 105 

1.6 x 
1.9 x 
1.2 10" 

9.7 10" 

2.0 x 10' 
3.9 10-5 

9.0 io9 

1.5 x lob 

1.1 x io9 

1.9 x 10' 

2.3 x lo9 

2.6 x 10" 

3.2 x lo4 

1.0 10" 

9.9 x lo-s 

1.1 

9.1 x lo5 

1.5 x 10' 

8.4 x 10" 

2.1 x 

1.1 x 10" 

9.7 x 10-~ 

1.2 x 10-~ 

7.1 105 

4.9 x io5 

4.4 10-3 

4.4 x io5 

9.7 x 10' 
3.3 x 10" 

2.2 x 10' 

5.9 x los 

2.8 x io5 

3.6 x 

6.6 x 10' 

1.2 x 

1.4 x lo4 

6.7 x 10' 

2.6 x IO-' 
1.9 x 

4.8 x lo-2 
3.0 x lo-' 

5.6 x lo5 

6.6 x 10' 
6.0 x 10' 
1.5 x 10' 
2.0 x lo-* 

1.1 x 10" 

1.1 10" 

1.8 x 10" 

1.1 x 10" 

1.2 x 10-~ T, 

2.6 x 

4.9 x 10' 
5.8 x 

i! 1 
85 m ETF 

5.6 x lo5 

2.6 x 10' CQ 



TABLE EJII-80 
(Continued) 

Chemical 

Ingestion of Ingestion Ingestion 
Concentration Vegetables of of 

(mgltn3) Inhalation and Fruit Meat Milk 
Uranium 

Vanadium 

ZiC 

1.5 x I@ . @  1.0 x l o o  6.4 x 3.2 x I@ 1.6 x IO'* 
6.9 x IO4 1.7 x IO4 : a  1.1 x  IO-^ 7.0 x 10" 4.6 x io3 

6.8 x I O 5  4.3 x 10" 3.1 x 1.7 x IO' 

"Intakes calculated using concentrations in Table E.3-15 and exposure factors in Table E.3-17. 

5.3 x 10" 

w 
L 



FEMP-OlRI-4 DRAFT 
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TABLE Em-81 
C* - 

INTAKES - RADIONUCLIDES (pCi)' 
FUTURE CONDITIONS - SURFACE SOIL 

ON-PROPERTY RME CHILD - FOOD INGESTION (PITS 1 & 2) 

Ingestion of 
Concentration Vegetables Ingestion Ingestion 

Radionuclide (PCW and Fruit of Meat of Milk 
CS-137 + 1 dtr 

Np237 + 1 dtr 

Pu-238 

h-239/240 

Ra-226 + 8 d a  

Sr-90 + 1 dtr 

TC-99 

Th-230 

Th-232 + 10 d a  

u-234 

U-235 + 1 dtr 

U-238 + 2 d a  

1.0 x 1$ 2.8 x I d  5.4 x I d  

5.0 x lo-' 4.5 x I d  9.1 x 1$ 

3.8 x lo-' 1.6 x 1$ 6.0 x 10 -~  

1.3 x lo-' 5.3 x io-' 2.1 10-3 

9.5 x lo-' 1.3 x I d  1.8 x 10' 

1.7 x l$ 3.8 io4 3.8 x Id 

8.7 x 1$ 1.2 x lo6 2.1 x 106 

7.5 x 10' 5.8 x 1 d  1.5 x 10' 

4.3 x 1$ 3.4 x 10' 8.5 x lo-' 

6.0 x 10' 2.1 x io4 6.7 x I d  

6.8 x l$ 2.6 x I d  7.9 x 10' 

2.4 x I d  8.7 x 104 2.7 x Id 

5.9 io4 

2.6 x 10' 

3.8 x 
1.3 x 

1.ox I d  

7.9 10' 

6.0 x I d  

3.8 x 1 d  

2.3 x 10' 

6.2 io4 
7.2 x I d  

2.5 x Id 

aIntakes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-17. 
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FEMP-OIRII DRAFT 
Octok 12.1993 

TABLE E.UT42 
INTAKES - CHEMICAL CARCINOGENS (mgflrg/day)' 

F'UTURE CONDITIONS - SURFACE SOIL 
ON-PROPERTY RME CHILD - FOOD INGESTION 

Ingestion of 
Concentration Vegetables Ingestion of Ingestion 

Chemical (mg/kg) and Fruit Meat of Milk 
~~~ ~ ~~ ~~~ ~ 

Aroclor- 1254 1.40 x 14 5.7 x 10" 1.6 10" 1.0 x io4 

Beryllium 8.00 x 10'' 2.9 1.3 3.6 x 
Arsenic 4.90x 14 7.0 x lo4 3.9 x lo4 3.6 x 10" 

'Intakes calculated using concentrations in Table E.3-3 and exposure factors in 
Table E.3-17. 



FEMP-OlRI4 D W  
October 12,1993 

TABLE E.III-83 
INTAKES - TOXIC CHEMICALS (mglkgldag). 
FUTURE CONDITIONS - SURFACE SOIL 

ON-PROPERTY RME CHILD - FOOD INGESTION 4787 
Concentration Ingestion of Ingestion of Ingestion of 

Chemical (mg/kg) Vegetables and Fruit Meat Milk 

Antimony 2.72 x 10' 2.3 x 5.3 x 10" 1.6 x 10-~  
Arsenic 4.90x loo 8.2 x 10'~ 4.5 lo5 4.2 x 
Barium 5.69 x 10' 2.4 x 1.3 x 10" 9.2 103 

Cadmium 5.80 x 14 2.4 10-~ 1.7 x 10" 9.3 10-~ 
chromium 1.43 x 10' 1.8 x 10" 1.3 x 10" 1.1 1 0 ' ~  
Cobalt 1.04 x 10' 2.0 1 0 5  5.8 x 10" 1.8 10'3 

Lead 1.59 x 10' 4.0 x 10" 2.4 6.3 x io4 
Manganese 5.74 x I d  8.0 x 5.5 1.5 x lo-' 
Molybdenum 4.30 x 1$ 7.2 x 10" 6.2 x 10" 4.8 x 
Nickel 2.94 x 10' 4.9 1.1 5.9 x 10.~ 
Silver 8.90 x 14 2.5 103 1.0 2.1 x 10'' 
Uranium 5.20 x 10' 5.8 x lo4 1.8 10" 1.7 10'3 
Vanadium 1.96 x 10' 1.6 x 10" 7.0 10'~ 1.7 10'5 
Zinc 4.67 x 10' 1.2 x 10' 6.5 x 10' 2.0.x loo 

Beryllium 8.00 x lo-' 3.3 x 10" 1.5 x 10" 4.1 x 10'' 

Copper 1.70 x 10' 1.2 x 10-2 6.5 x 10" 3.0 x 

%takes calculated using concentrations in Table E.3-3 and exposure factors in Table E.3-17. 



FEMP-01RI-4 DRAFI' 
October 12.1993 

. .  TABLE Em-84 --'4v8 _. INTAKES - RADIONUCLIDES (pCi)" 
~ U R E  CONDITIONS - SURFACE SOWEXPOSED PIT CONTENTS 

ON-PROPERTY RME CHILD UNDER mJTURE LAND USE 

Radionuclide 
Concentration Ingestion 

(Pc i /g )  of soil 

CS-137 + 1 dU 

Np237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 + 8 d a  

Sr-90 + 1 du 

Tc-99 
Th-230 

'Th-232 + 10 d a  

u-234 

U-235 + 1 dU 

U-238 + 2 d a  

4.7 x loo 

2.9 x le 

6.3 x lo-' 

2.6 x 10' 

4.9 x 10' 

3.1 x loo 

1.8 x I d  

1.6 x Id 

6.2 x 10' 

2 . 9 . ~  1O2 

3.5 x 10' 

6.2 x I d  

2.0 x id 
1.2 x I d  

1.1 x Id 
2.1 x 104 

2.6 x Id 

1.3 x I d  

7.6 x lb' 

6.7 x 1 6  

2.6 x lb' 

1.2 x 1 6  

1.5 x ld 

2.6 x 1 6  
c 

'Intakes calculated using concentrations in TabIe E.34 and exposm factors in Table E.3-17. 
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FEMP-OlRI-4 D M  
Octoba 12,1993 

Chemical 

47 TABLE EJII-S 
INTAKES - CHEMICAL CARCINOGENS (mgflrg/day)' 

FUTURE CONDITIONS - SURFACE SOILEXPOSED PIT MATERIALS 
ON-PROPERTY RME CHILD UNDER FUTURE LAND USE 

Concentration Ingestion of Demal 
(mg/kg) soil Contact 

Aroclor-1248 
Aroclor-1254 
Arsenic 
Beryllium 
Bern( a)anrhracene 

Benzo(b)fluoranthene 
B-(a)PPne 

Chry- 
Indeno( 12,3-cd)py~ne 

Tetrachloroethene 
Pentachlorophenol 

2,3,7,8-TCDF 
HpCDD 

HpCDF 
HxCDD 
HxCDF 
OCDD 
OCDF 

4.08 x 10" 
1.46 x 14 

3.41 x 1 4  
3.09 x I d  

5.04 x 10-2 

7.84 x 10-2 
3.92 x 

5.18 x 

1.82 x 1U2 
1.82 x lo-' 
2.72 x 10" 
2.80 x 10-~ 
2.94 x 10-4 

1.26 x lo4 
4.31 x lo'' 

3.74 io-' 
1.78 x 10-~ 
1.04 x lo4 

4.5 x 

3.4 io-' 
1.6 x lod 

3.8 x lo4 
5.5 x 

4.3 x 
8.6 x lo-* 
5.7 x 10-8 
2.0 x l(r8 
2.0 
3.0 10-7 
3.1 x 10" 
3.2 x lo-'' 
1.4 x 10'O 

4.1 x 10'" 
4.7 x lo-" 

2.0 x 
1.1 x 10'0 

1.2 x 10-6 
4.3 x lo4 

3.0 x io-' 

3.4 x 

5.0 x 
3.9 x 

1.5 10-~ 
5.1 x 

1.8 x 
1.8 x lod 
1.1 x 10-6 

2.9 
1.2 10-9 

2.8 x 10"O 

4.2 x lo-'' 

3.7 x 10'0 

1.0 

1.8 x l o 8  

*Intakes calculated using concentrations in Table E.34 and exposure factors in Table E.3-17. 

TR-FERYIUlRNX1lP9Em.8S~-2249pn 
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FEMP-OlRI4 DRAFT 
Octoba 12.1W3 

TABLE E.III-86 
INTAKES - TOXIC CHEMICALS (mg/kg/day)' 

FUTURE CONDITIONS - SURFACE SOIUEXPOSED PIT MATERIALS 
ON-PROPERTY RME CHILD UNDER FUTURE LAND USE 

Concentration Ingestion Dermal 
Chemical (mg/kg) of soil Contact 

3.17 x 10' 4.1 x 10' 3.6 105 Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
cobalt 
Copper 
Cyanide 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
UraniUm 
Vanadium 
Zinc 
Pentachlorophenol 
Tetrachlomethene 

3.09x Id 
2.59 x Id 
3.41 x 1$ 
2.17 x 10' 
8.90 x 1 4  

1.53 x 10' 
8.13 x Id 

1.16 x Id 
2.95 x Id 
5.22 x 10" 
6.84 x 10' 
6.85 x 10' 
7.58 x l$ 
1.46 x 10' 
3.96 x 1$ 

9.89 x Id 

9.13 x 10' 
1.82 x 10' 
2.72 x 10' 

4.33 x 10' 

2.25 x lo-' 

2.90 x 10' ' 

9.75 x Id 

4.0 x 1U2 
3.3 x 

2.8 x 10' 
4.4 

1.1 x 10' 
5.5 x 1~ 
2.0 10' 
1.0 x 102 

1.5 10" 
2.9 x 10-6 

3.8 x 
6.7 x loa 
8.8 x 10' 
8.8 x 10' 
9.7 
1.9 x 10' 
5.1 x 
3.7 x 10' 
1.3 x 
1.3 x 

2.3 x loa 
1.2 x 

3.5 x loa 

3.6 x 10' 
3.0 x 
3.9 x loa 
2.5 x 
1.0 1 0 5  
5.0 10'~ 
1.8 x 
9.3 x 
2.6 x lo-' 

3.4 

7.9 x 
3.9 x loa 

1.7 10-~ 

3.3 x loa 
1.1 103 
1.1 x 10' 
1.1 x 10' 
2.1 
1.3 10-~ 

1.3 x lo4 

3.0 x loa 

8.7 x loa 

4.6 x loa . 

'Intakes calculated using concentrations in Table E.34 and exposure factors in 
Table E.3- 17. 
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October 12,1993 

TABLE Em-87 

INTAKES - RADIONUCLIDES (pci)" "?8? 
FWTURE CONDITIONS - SURFACE WATER 

ON-PROPERTY RME RESIDENT CHILD UNDER F'UTURE LAND USE 

Radionuclide 
Concentration Ingestion Ingestion 

(Pci/L) of Meat of Milk 

CS-137 + 1 dtr 

Ra-226 + 8 dtrs 

Sr-90 + 1 dtr 

Tc-99 

Th-230 

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

5.6 x 10' 

2.5 x 10-1 

1.5 x I d  

1.9 x 10'' 

2.6 x 10' 

7.1 x I d  

4.0 x 10' 

1.7 x I d  

3.4 x I d  

1.9 x 10-1 

3.9 x 16' 

3.5 10" 

4.3 x 102 

1.0 x I d  

2.4 x 10' 

2.4 x 10' 

4.5 x 16' 

4.3 x I d  

1.1 x 10-1 

4.9 x 16' 

1.2 x 1 6  

1.3 x 10' 

1.7 x 106 

2.6 x 1 d  

*Intakes calculated using concentrations in Table E.3-10 and exposure factors in Table E.3-17. 
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FEMP-OlRI4DRAR 
Octoba 12.1993 

TABLE EJII-88 

INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 
FUTURE CONDITIONS - SURFACE WATER 

ON-PROPERTY RME RESIDENT CHILD UNDER F"URE LAND USE 

Chemical 

___ ~~ ~~~ 

Concentration Ingestion of 
( m f m  Meat 

~~ 

Ingestion of 
Milk 

2.3 1 0 3  5.5 107 5.1 x io-' 
6.9 2.6 x 1 0 - ~  2.6 x lo-' 

*Intakes calculated using concentrations in Table E.3-10 and exposure factors in Table E.3-17. 



FEMP-OlRI4DRAFT 
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TABLE Em-89 

INTAKES TOXIC CHEMICALS (mg/kg/day)' 41 
FUTURE CONDITIONS - SURFACE WATER 

ON-PROPERTY RME RESIDENT CHILD UNDER mTTURE LAND USE 

Chemical 
Concentration Ingestion Ingestion 

(mg/L) of Meat of Milk 

Antimony 
Arsenic 
BariUIIl 

Copper 
Cyanide 
Lead 
Nickel 
SeleniUm 
Silver 
Vanadium 
WC 

3.0 x 10-~ 
2.3 10-~ 
6.8 x 1P2 
1.8 x 
7.6 x lom2 
2.2 10-~ 

2.0 
3.2 x 10-~ 

1.3 x 

1.5 x lo-' 
9.6 x 

~ 

1.2 x 10-~ 
6.3 x lo4 
1.2 x 10' 
8.5 x lo' 
6.1 x lo-'' 
3.7 x lo6 
2.8 x 10' 
5.8 x lo-' 
6.3 x 
3.5 x 10' 
1.5 x 1$ 

3.7 x 10" 

8.7 x 10'~ 
4.0 x 10" 

9.5 10- ~  
1.5 x 

4.9 x 10' 

8.7 x 1 0 - ~  
4.7 x loo 

6.0 x lo4 

6.8 x lo-' 

6.3 x lo-' 

'Intakes calculated using concentrations in Table E.3-10 and exposure factors in Table E.3-17. 
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FEMP-01RI4 DRAFT 
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TABLE Em-90 

INTAKES - RADIONUCLIDES (pCi)" 
FUTURE CONDITIONS - GROUNDWATER 

ON-PROPERTY RME CHILD UNDER FUTURE LAND USE 

Ingestion of 
Concentration Ingestion of Vegetables Ingestion of Ingestion of 

Radionuclide ( p c w  Water and Fruit Meat Milk 

Np-237 + 1 d e  

F'u-238 

Ra-226 + 8 dps 

Sr-90 + 1 dtr 

TC-99 

Th-230 

u-234 

U-235 + 1 d e  

U-238 + 2  US 

~~ 

1 2  x 10'' 

1.3 x lo-' 

1.8 x loo 

4.7 

1.0 x loo 

2.0 x I d  

1.6 x 10' 

8.8 x I d  

4 2 x  I d  

~~ ~~~ ~ 

3.5 x 10-1 1.4 x 10-1 2.2 x 10'' 6.4 x 10" 

3.8 x I d  1.4 x ld 1.2 7.6 10" 

5.3 x I d  2.1 x I d  1.9 x 10' 1.1 x I d  

4.7 io4 1.7 x Id '  3.3 x I d  1.2 x 1 6  

2.9 x I d  1.1 x I d  1.3 x lo-' 3.4 x 100 

1.4 x 10' 6.6 x 100 1.1 x 10-1 1.7 x 10' 

2.6 x 106 9 2  x 1 6  3.2 x Id 3.0 x 1 6  

5.9 x I d  2.1 x 1 6  6.7 x I d  6.8 x lo4 

1.2 io7 4.5 x 106 1.5 io4 1.5 x lo6 

'Intakes calculated using concentrations in Table E.3-13 and exposure factors in Table E.3-17. 

..- 
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TABLE Em-91 

INTAKES - CHEMICAL CARCINOGENS (mglkgldap)' 
FUTURE CONDITIONS - GROUNDWATER 

ON-PROPERTY RME CHILD UNDER FUTURE LAND USE 

Ingestion of 
Concentration Ingestion of Dermal Vegetables Ingestionof Ingestion 

Chemical (ma) Water Inhalation Contact and FNit Meat of Milk 

Arsenic 5.82 x IO' 4.5 x lo-' 0.0 x 100 7.6 x lo6 2.0 x lo' 1.4 x IO4 1.3 x 104 

'Intakes calculated using concentrations in Table E.3-13 and exposure factors in Table E.3-17. 



Chemical 

TABLE Em-92  

INTAKES - TOXIC CHEMICALS (m@g/day)' 
F"TURE CONDITIONS - GROUNDWATER 

ON-PROPERTY RME CHILD UNDER F"I'URE LAND USE 
@ 
4 
m 

-3 Ingestion of 
Concentration Ingestion of Dermal Vegetables Ingestion of Ingestion of 

( m a )  Water Inhalation Contact and Fruit Meat Milk 

Antimony 

Arsenic 

Barium 

Boron 

Cyanide 

Lead 

Manganese 

~ ~~~ 

1.75 x IO' 1.6 x I O 2  0.0 x IOo 2.7 x IO-' 1.1 x 6.8 x 10' 2.1 x lo3  

5.82 x IO' 5.2 x 0.0 x IOo 8.8 x I O 5  2.3 x 1.6 x 1.5 x 10" 

6.51 x IO' 5.8 10: 0.0 x ioo 9.9 x io5 6.5 x io-'2 1.2 10" 8.3 x io2 

4.22 x IO6 3.8 0.0 x ioo 6.4 x iOlo 2.1 x 10.~ 3.4 x 1 0 - l ~  3.8 x 1 0 - l ~  

2.07 x 100 1.9 x IO-' 0.0 x IOo 3.1 x 10' 1.6 x 10.' 3.6 x 10" 9.8 x 

3.08 x 2.8 0.0 x ioo 4.7 x io4 9.7 x io4 2.6 x io4 1.8 x IO4 

5.80 x IOm2 5.2 x 0.0 x 10' 8.8 x lo4 5.3 x lo9 9.6 x lo5  2.5 x 

Uranium 1.26 x 10' 1.1 x loo 0.0 x ioo 1.9 x 4.0 x IO-' 1.3 10" 1.3 x IO-' I 

"Intakes calculated using concentrations in Table E.3-13 and exposure! factors in Table E.3-17. 
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TABLE m - 9 3  

INTAKES - RADIONUCLIDES @a)" 
FUTURE CONDITIONS - PERCHED WATER 

ON-PROPERTY RME CHILD UNDER FUTURE LAND USE 

Concentration 
Radionuclides Win-) Ingestion 

CS-137 + 1 dU 

Np-237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 + 8 dWS 

Sr-90 + 1 dtr 

TC-99 

Th-230 

Th-232 + 10 dtrs 

u-234 

U-235 + 1 dtr 

U-238 + 2 d a  

9.0 x 100 

7.5 x 100 

4.9 x 10-1 

7.2 x 10' 

5.0 x 

4.0 x 10' 

2.7 x I d  

3.0 x 10'' 

5.1 x lo-* 

1.5 x 1 6  

2.8 io4 
4.3 x 1 6  

2.6 x 1 6  

2.2 io4 

1.4 x I d  

1.5 x I d  

2.1 x 1 6  

1.2 x 1 6  

7.9 x 106 

8.8 x I d  

1.5 x I d  

4.4 x 108 

8.2 x 10' 

1.3 io9 

%takes calculated using concentrations in Table E.3-13 and exposure factors in 
Table E.3-17. 
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_..- 4V87 TABLE Em-94 e- 
I 

INT-S - CHEMICAL CARCINOGENS (mg/kg/day)' 
mJTuRE CONDITIONS - PERCHED WATER 

ON-PRO~RTY RME CHED W Z R  FUTUIPE LAND USE 
~ 

Arsenic 

vinyl chloride 

Pentachlorophenol 

Aroclor- 1248 

Aroclor-12s4 

Benzo(a)anthraceoe 

Benzo(a)pyR= 

Benzo(b)fluorantbem 

Benzo(k)fluoraothem 

czvysene 
D i b e ~ o ( ~ ~ ~  

I o d e n O ( 1 2 3 - C d e  

2,3,7,8-"CDF 

HpCDD 

HpCDF 

HXCDD 

HXCDF 

OCDD 

OCDF 

123.7.8-PeCDF 

23.4,7,8-PeCDF 

632 x 10' 

2.04 x 10" 

1.40 x lo-' 

1.00 x 14 

2.00 x 10" 

5.00x lo2 

1.00 x lo-] 

4.00 x lo-* 

4.00 x 

4.00 x 

4.00x l o 2  

4.00 x lo2 

1.00x 

4.00 x 

530x lod 

9.40 x lo-' 

2.00x lod 

750x lo' 

120x lod 

1.80 x lo4 

1-10 x lod 

1.00 x lod 

1.10 x 10" 

4.8 

1.6 a04 

1.1 10-3 

7.7 10-3 

15 

7.7 x lo4 
3.8 x lo4 

3.1 x lo4 

3.1 x lo4 

3.1 x lo4 
3.1 x lo4 
3.1 io4 
7.7 10" 

3.1 x lo4 

4.1 x 10" 

7 2  x io9 

15 x 10" 

5.8 x lo4 

9.2 x lo4 

1.4 x lo4 

8.4 x 10" 

7.7 x io9 
8.4 x lo9 

'Intakes calculated using coocentrations in Table E.3-13 and exposure factors in Table 
E.3- 17. 
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TABLE EJII-95 
INTAKES - TOXIC CHEMICALS (mg/kg/da~r)'' 

- e - .  4J 
F'UTURE CONDITIONS - PERCHED WATER 

ON-PROPERTY RME CHILD UNDER F'UTLJRE LAND USE 

AntimOny 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chnnniuln 

cobalt 

capper 
Cyanide 

Lead 

Mangan- 

MeFcury 

Molybdenum 

Nickel 
selenium 

Silver 
Thallium 

Tin 
Uranium 
VanadiUm 

zinc 

Acenaphtheme 

Anthracene 

Fluoranrhene 

Fluorene 

Naphthalene 

Phenanthrene 

pyrene 

956 x lo-' 

1.%x 14 
2.04 x 10-2 * 

1.18 x lo-' 

3.38 x lo-' 

9.48 x lo-' 

3.60 x 14 

632 x 10" 

2.93 x 14 

129 x lo-' 

6.91 x 10' 

2.41 x 14 
2.18 x 1w2 

1.15 x Id 
2.13 x l@ 

3.80 10-3 

7.54 x lo-' 

829 x loo 

5.00x Id 
1.44 x 14 

4.00 x lo-2 
4.00x 10-2 

4.00 x 1z2 

1.60 x 102 

4.00 x 102 

6.67 x lU2 

1.79 x 14 

4.00 x 

4.00 x 

. ,  

E-m-140 

8.6 x lo2 
5.7 x lQ2 

1.8 x lo-' 

1.8 103 

2.6 x 10' 

1.1 x 102 

1.2 x l(r2 

3.0 x 10' 

8.5 x lo2 
3.2 x 10' 

6.2 x lU2 
2.2 x 10' 

2.0 103 

1.0 x 10' 

1.9 x 10' . 

3.4 x 104 
6.0 103 

6.7 x 1CF2 

7.4 x 10' 

4.5 x 10' 

1.3 x 10' 

1.6 x lU' 

3.6 x 10" 

3.6 103 

3.6 103  

3.6 10-3 

1.4 103 

3.6 10 3  

3.6 103 

1 i136 

..< . .. 



TABLE E.III-95 
(Continued) 

FEMP-OIRM D W  
October 12.1993 

Ccncenastitm 
Chemical (ma) Ingestion 

4-NitFophenol 1.00 x lo2 9.0 x 104 
Pentachlorophenol 2.00 x 10' 1.8 x l(Tz 

TetrachloFoethene 1.40 x lo-' 1.3 x lo2 

'Intakes calculated using concentrations in Table E.3-13 and exposure factors in Table E.3-17. 

Em-141 
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r '  

TABLE E m - 9 6  

W 
INTAKES - RADIONUCLIDES (pCi)" 

FUTURE CONDITIONS - AIR 
ON-PROPERTY HOME BUILDER UNDER FUTURE LAND USE 

Radionuclide 
Concentration 

(Pci/m3> Inhalation 

(3-127 + dtr 

Np-237 + dtr 

PU-238 

h-239/40 

Ra-226 & Pb-210 + 2 dtrs 

Rn-222 + 4 dtrs 

Tc-99 

Th-230 

. Th-232 + 10 dtrs 

u-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

1.6 x 10-~ 

1.3 x 10-~ 

3.0 x 

2.9 x 10' 

6.3 x 

4.8 x 102 

1.4 x lo-' 

1.8 x 10' 

8.0 x 10-2 

2.6 x lo-' 

2.3 x lo-' 

3.6 x lo-' 

3.3 x lo-' 

2.7 x lo-' 

6.0 x 

6.2 x lo-' 

1.3 x 10' 

1.0 x 1 6  

3.7 x I d  

5.4 x 10' 

7.5 x 10' 

2.9 x 10' 

1.7 x 10' 

4.8 x 10' 

'Intakes calculated using concentrations in Table E.3-15 and exposure factors in Table E.3.17. 
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TABLE E.IlI-97 

INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 
E'UTURE C Q ~ ~ Q N S  - AIR 

ON-PROPERTY HOME BUILDER UNDER mJTURE LAND USE 

Radionuclide 
Concenhation 

Inhalation 

Beryllium 

Cadmium 

Chromium 

Nickel 

B-(a)pY=ne 
Benzo(a)anthracene 

Benzo(b)fluoranthene 

Indeno(l2,3-cd)pyrene 

Pentachlorophenol 

Tetrachloroethene 

2,3,7,8-TCDF 

HpCDD 

HpCDF 
HXCDD 

HXCDF 

OCDD 

OCDF 

4.2 10'3 4.9 1 0 ' ~  

3.2 x lo4 

5.7 x lo4 

4.0 10-~ 

5.7 10.~ 

7.5 x 10-~ 

7.1 x 1U8 

1.1 x 

7.3 x 

2.6 x lo'* 

2.6 

1.2 

3.9 x lo-]] 

6.3 x 10"' 

1.7 x lo-'' 

5.1 x lo-]] 

5.3 x 10'" 

2.5 x 

1.5 x lo-'' 

3.7 x lo-'' 

4.6 1 0 ' ~  

6.6 x lo-'' 

6.6 x lo-' 

8.7 x lo-" 

8.2 x 

1.3 x 

8.5 x 

3.0 x 

3.0 x lo-" 

1.4 x lo-" 

4.5 1015 

7.3 x 1014 

2.0 1 0 1 4  

5.9 10- l~  

6.1 1 0 - l ~  

2.9 10-l~ 

1.7 x 10-l~ 

c 

' Intakes calculated using concentrations in Table E.3-15 and exposure factors in Table E.3-17. 
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TABLE E3II-98 

INTAKES - TOXIC CHEMICALS (mgflrg/day)* 
FUTURE CONDITIONS - AIR 

ON-PROPERTY HOME BUILDER UNDER FUTURE LAND USE 

Concentration 
Chemical (mglin3) Inhalation 
Antimony 1.3 x 10-~ 1.1 io=] 
Arsenic 4.2 x 3.4 
Barium 2.2 x 10” 1.8 x 10” 

Boron 3.1 x 10-~ 2.5 x 10-~ 

Chromium 4.0 x 3.2 

Cyanide 3.2 107 2.6 x 
Lead 1.4 x lo4 1.1 x loa 
Manganese 3.4 x 10” 2.8 
Mercury 6.6 x lo7 5.4 x 10-~  
Molybdenum 6.0 x 105 4.9 10‘~ 
Nickel 5.7 x 1 0 5  4.6 x 

Beryllium 3.2 x loa 2.6 x lo8 

Cadmium 5.7 x loa 4.6 x lo8 

cobalt 8.4 x loa 6.8 x 
Copper 5.7 x lo4 4.6 x lo4 

Selenium 1.0 x 105 8.1 x lo8 
Silver 8.7 x loa 7.1 x lo8 
Thallium 3.3 x loa 2.7 x lo-* 
Tin 3.9 x 10-~ 3.2 x 10-~ 
UraniUm 1.0 x 1 4  8.1 x 10-~ 

Zinc 6.8 x loa5 5.5 x 
Vanadium 1.1 x 10” 8.9 x loa 

*Intakes calculated using concenvations in Table E.3-15 and exposure factors in Table E.3-17. 

’.. . . 
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TABLE EJII-99 

INTAKES - RADIONUCLIDES @Ci)' 
FUTURE CONDITIONS - SURFACE SOIUEXPOSED PIT CONTENTS 

ON-PROPERTY HOME BUILDER UNDER FUTURE LAND USE 

Concentration Ingestion External 
Radionuclide @Cw of soil Exposure 

@ci-yr/g> 

Ng237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 + 8 d a  

Sr-90+ 1 dtr 

Tc-99 

Th-230 

Th-232 

u-234 

U-235 +1 dtr 

U-238 + 2 d a  

~ ~~~~ 

4.0 x 10" 

5.0 x lo-' 

4.0 x 10" 

3.7 x 10' 

9.9 x 10' 

2.0 x 102 

1.5 x Id 
7.1 x le 
4.1 x I d  

9.0 x I d  

4.4 x lb' 

9.6 x 100 

1.2 x 10' 

9.6 x 100 

8.9 x 102 

2.4 x I d  

4.8 x I d  

3.6 x 104 

1.7 io4 

2.2 io4 

1.1 x lo6 

9.8 x l@ 

1.7 x l o 2  

2.1 x lo2 

1.7 x 

1.6 x 100 

4.2 x 10' 

8.6 x 10' 

6.4 x 10' 

3.0 x 10' 

1.8 x 1dL 

3.9 x 10' 

1.9 x I d  

Tntakes calculated using concenmtions in Table E.3-5 and exposure factors in Table E.3-17. 

I .  . I 
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TABLE =-lo0 

496 INTAKES - CHEMICAL CARCINOGENS (mg/kg/day)' 
FUTURE CONDITIONS - SURFACE SOWEXPOSED PIT CONTENTS 
ON-PROPERTY HOME BUILDER UNDER FUTURE LAND USE 

chemical 
Ingestion of Demal 

soil Contact 
Atoclor-12cl2 
Aroclor-1248 
Aroclor-1254 
Arsenic 
Beryllium 
Benzo(a)anthraceme 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Bemo(k)fluorantheae 

Indeno(1.23-Cd)pyrene 
Tetrachloroethene 
TCDD 
TCDF 

chrysene 

HPCDD 
HpCDF 
HXCDD 
HXCDF 
OCDD 
OCDF 
1.23.7.8-PeCDF 
23.4.7.8-PeCDF 

1.03 x 1Cf 
5.92 x 1Cf 

6.80 x 1Cf 

5.16~ 100 
5.06 x 10' 
4.70 x 1Cf 

450 x 1Cf 

5.20 x Id 
3.70 x 1Cf 

3.86 x 1Cf 
9.90 x 1c' 

3.00 x 10' 
4.70 x 104 

3.11 x lo2 
3.16 x 1U' 
5 5 8  x 1U' 
2.29 x 1 0 3  

9.58 x io3 
652 x 1 0 3  

3.66 x 1 0 3  

1.39 x 10' 

1.12 x 1o-2 

1 . 4 ~  1p 
7.9 x lod 
9.1 x 1v 
6.9 x 1p 
6.8 x 10' 
6.3 x lod 
6.0 x 1p 
7 . 0 ~  lob 
5.0x 1v 
5 2 x  lo-' 
1.3 x lod 

6.3 x 10" 

4.2 x 10" 

4.2 x 10" 

75 x 10" 

3.1 x 10" 

1.3 x 10" 

8.7 x 10" 

4.9 x 10" 

,1.9 x 10" 

1.5 x 10" 

4.0 x 10-7 

4.3 x IOd 

2.8 x 

x 10-7 

7.2 x 
7.1 x IOd 
6.6 x 10' 
6.3 x io-' 
1.5 x io5 
1.0 x 10-7 

5.4 x io-' 
1.4 x lod 
1.7 x lod 
6.6 x 10"' 

4.4 x lo9 
4.4 x 1 0 ' O  

7.8 x 1 0 ' O  

3.2~ 18" 

1.3 x lo4 
9.1 x 1 0 ' O  

5.1 x 

1.9 x 10" 

1.6 x io4 

~ ~~ 

'Intakes calculated using concentrations in Table E3-5 and exposure factors in Table E.3-17. 
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. v  TABLE EJIX-101 
6 '  . 

INTAKES - TOXIC CHEMICALS (m&/&y)* 
mJTuRE CONDITIONS - SURFACE SOIUEXPOSED PIT CONTENTS 

ON-PROPERTY HOME BUILDER UNDER F'UTURE LAND USE 

Concentration 
Chemical ( m a g )  Dermal Contact Ingestion 
Antimony 2.22 x loz 2.2 x 10' 2.1 x 104 
Arsenic 5.16 x 1 0  5.0 x 10s 4.8 x 10" 
Barium 
Beryllium 
Boron 

4.58 x Id 
5.06 x 10' 
6.58 x I d  

4.5 10-7 4.3 10-3 
4.9 x 106 4.7 105 
6.4 10-~ 6.1 x lo4 

Cadmium 2.45 x 10' 2.4 x 106 2.3 x 10" 
1.05 x I d  
1.29 x I d  
3.52 x I d  

1.0 x 10-4 9.8 x lo4 
1.3 105 1.2 x lo4 
3.4 x 106 3.3 x lo4 

Lead 5.53 x 10' 5.4 x 106 5.2 x 10-~ 
Manganese 
Mol ybdenk 
Nickel 
Silver 
Tin 
UraniUm 
Vanadium 
Zinc 

4.75 x I d  
6.98 x 10' 
1.67 x I d  
5.3.1 x ld 
1.14 x I d  
9.4ox 104 
3.94 x I d  
1.43 x I d  

4.6 x lo4 4.4 10-~ 
6.8 x 106 6.5 10'~ 
8.2 10-7 1.6 x lo4 
5.2 x 10-5 5.0 x lo4 

9.2 x 10-~ 8.8 x 

1.4 x 10-~ 

1.1 x 106 

3.9 x 106 

1.1 x 10-4 

3.7 x 10-4 
1.3 x lo4 

Acenaphthene 1.9ox re 1.3 x 10 -~  1.8 x 10" 
Anthracene 2.70 x 1 4  1.1 x 2.5 x 10" 
Fluorantkne 
Fluorene 
Naphthalene 

1.10 x 10' 
2.20 x 1 4  
1.10 x 1 4  

pyrene 9.oox 1$ 

Tetrachloroethene 3.00 x 10' 
4-Niuophenol 2.30 x ll? 

Tributyl phosphate 7.2 x 10' 

3.2 x lo-' 1.0 10-5 
1.5 10-5 2.1 x 10" 
1.1 x 1.0 x 10" 

6.8 x 10" 2.1 x 10" 
1.2 x 10-4 2.8 x 

2.6 x lo-' 8.4 x 10" 

2.1 x 104 6.7 x lo-' 

a Intakes calculated using concentrations in Table E.3-5 and exposure factors in Table E.3-17. 
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ATTACHMENT E.IV 

RISK CALCULATION RESULTS 

This section presents the risk calculation results for the Baseline Risk Assessment for Operable Unit 1. 

The methodologies used for calculation of cancer risks and hazard quotients was presented in Appendix 
E, Sections E.2 through E.5. Example calculations and intakes used for calculation of cancer risks and 
hazard quotients are presented in Attachment E.III. Cancer risks and hazard quotients are provided 
separately by receptor, source, exposure pathway, and chemical. Within each table, cancer risks or hazard 
quotients are summed to calculate the incremental lifetime cancer risk (La) or total hazard index for 
that receptor. 



TABLE E.W-1 

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

ILCR FOR THE TRESPASSING CHILD, CURRENT LAND USE WITHOUT ACCESS CONTROL 
CURRENT SOURCE TERM 

Air Soil Buried Pit Material 

Inhalation Ingestion Dermal Contact External Radiation External Radiation 

Radionuclides (a) (b) @) 

Th-228 + 7 dtrs 

Th-230 

Th-232 

(c) 

U-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

2.6 

1.3 x 10" 

7.0 x 10" 

9.2 

9.8 x 10" 

7.5 x 10" 

4.7 x io9 

1.5 x 10" 

8.0 x lo-'' 

1.5 x 10" 

1.7 x io9 

1.0 x io9 

NA 

NA 

NA 

NA 

NA 

NA 

8.8 x 10" 

1.2 109 

3.2 x lo-'' 

5.1 x lo-'' 

4.7 10-~ 

2.5 x 10" 

1.7 X lo4 1.5 x 107 1.5 x lo5 SUM 1.1 x loJ 
Chemical 

Aroclor-1254 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Nickel 

0 

4.0 x 10" 

3.6 io9 
2.0 x 10" 

3.2 10-~ 

1.3 x 10" 

1.5 

1.3 10-7 

4.9 x 10" 

NA 

0 

. NA 

9.4 x 10" 

4.4 x 10" 

7.3 x 10" 

NA 

0 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4.0 x 1 0 7  33  x 107 1.7 X lUs 

Note: 'Risks calculated using intakes in Table E.III-2 and dose-response parameters in Table E.4-1. 
bRisks calculated using intakes in Table E.III-5 and dose-response parameters in Table E.4-1. 
Qisk calculations for this exposure pathway are presented in Table E.IV-30. 
dRisks calculated using intakes in Table E.III-3 and dose-response parameters in Table E.4-2. 
m s k s  calculated using intakes in Table E.m-6 and dose-response parameters in Table E.4-2 and E.4-3. 
'NA - Not Applicable. Exposure route not evaluated for constituent. 
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Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

a'  

Air Soil 

Ingestion Dermal Contact Inhalation 

TABLE E.W-2 

HAZARD QUOTIENTS FOR THE TRESPASSING CHILD, CURRENT LAND USE WITHOUT ACCESS CONTROLS 
CURRENT SOURCE TERM 

Antimony 

Arsenic 

BariW 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

Manganese 

Molybdenum 

Nickel 

Silver 

UraniUm 

Vanadium 

zinc 

0 

0 

1.3 io9 
0 

0 

0 

1.1 x lo-' 

0 

0 

1.6 x 

0 

0 

0 

0 

0 

0 

5.7 x 10" 

4.6 x 10" 

1.1 x 10" 

2.0 x 10" 

1.5 x 10-2 

7.2 x 10" 

4.8 x io5 
0 

0 

1.7 x 

2.8 x 10' 

9.0 10" 

4.4 x lo-2 

7.9 10" 

0 

7.1 x 10" 

5.8 10-~ 

1.4 

6.7 io5  
1.3 10" 

4.8 x 10" 

1.4 10" 

3.8 10" 

3.4 x 10" 

7.1 io5 
1.2 x 10" 

2:4 x 10' 
1 

, 

0 

1.5 x 10" 

1.4 

1.3 x io5 
2.3 x 10" 

SUM 13 x 10' 1.4 x 10' 1.0 x lo2 

Note: 'Hazard Indices calculated using intakes in Table E.III-4 and dose-response parameters in Tables E.4-2 and E.4-3. 
hazard Indices calculated using intakes in Table E.III-7 and dose-response parameters in Tables E.4-2 and E.4-3. 



TABLE E.IV-3 

Transfer Media>>>>>>> 

ILCR FOR THE VISITOR, CURRENT LAND USE WITH ACCESS CONTROL 
CURRENT SOURCE TERM 

Buried Pit Material Air Soil 

Exposure Route>>>>>>> I 
Inhalation External Radiation External Radiation 

Constituent I 
Radionuclides (a) (b) 6) 
CS-137 + 1 dtr 1.4 x lo-'' 1.9 x io5 
Np-237 + 1 dtr 1.0 2.0 x 10" 
Pu-238 1.1 9.9 x lo-'' 

Pu-239/240 3.5 x 10" 3.3 x lo-'' 
Ra-226 & Pb-210 + 2 dtrs 5.4 x 10" 5.3 10-~ 

5.9 io9 3.2 x 10" 

Sr-90 + 1 dtr 7.6 x lo-'' 0.0 x 10' 

Ra-228 + 1 dtr 

Rn-222 + 4 dtrs 5.4 x 10" NA' 

TC-99 5.2 x lo-'' 4.8 x lo-'' 
Th-228 + 7 dtrs 3.1 x 10" 2.9 x 10" 
Th-230 1.5 io5 3.8 x 10% 

U-234 1.1 x 10" 1.7 x 10% 
Th-232 8.4 x 1.5 x io5 

U-235 + 1 dtr 1.2 x 10" 1.5 io5 
U-238 + 2 dtrs 9.1 x io5 8.0 x 10" 

Chemical (d) 

SUM 13 x 10" 8 3  x 10" 8.7 X 10' 

Aroclor-1254 0 NA NA 

Arsenic 2.9 x NA NA 

Beryllium 2.7 x 10" NA NA 

cadmium 1.5 NA NA 

Chromium 2.4 x 10" NA NA 

Nickel 1.0 x NA NA 

SUM 3.0 x lo4 
Note: 'Risks calculated using intakes in Table E.m-8 and dose-response parameters in Table E.4-1. 

%sks calculated using intakes in Table E.III-11 and dose-res onse arameters in Table E.4-1. 
'Wsk calculations for this exposure pathway are presented in gable kIV-3 1. 
dRisks calculated using intakes in Table E.III-9 and dose-response parameters in Table E.4-2. 
'NA - Not applicable. Exposure pathway not evaluated for constituent. 
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TABLE E.IV-4 

HAZARD QUOTIENTS FOR THE VISITOR, CURRENT LAND USE 
WITH ACCESS CONTROLS, CURRENT SOURCE TERM 

Transfer Media>>>>>> 

Exposure Route>>>>>> I AiP 

Constituent 1 Inhalation I Hazard Index 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

Manganese 

Molybdenum 

Nickel 

Silver 

Uranium 

Vanadium 

Zinc 

0 

0 

4.5 103 

0 

0 

0 

3.9 x 101 

0 

0 

5.7 x 1u2 

0 

0 

0 

0 

0 

0 

0 

0 

4.5 1 0 3  

0 

0 

0 

3.9 x 10-l 

0 

0 

5.7 x lo2 

0 

0 

0 

0 

0 

0 

SUM 4 5  x lo-' 4 5  x lo-' 

'Hazard Indices calculated using intakes in Table E.111-10 and dose-response 
parameters in Table E.4-2. 
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TABLE E.IV-5 

Exposure Route>>>>>>> 

Constituent 

ILCR FOR THE OFF-PROPERTY FARMER (RME), ALL LAND USE 
CURRENT SOURCE TERM 

~ 

Ingestion Ingestion Ingestion 
of Milk Inhalation Vegetables/Fruit of Meat 

Transfer Media>>>>>>> I Air  

Pu-238 

Pu-239/240 

Ra-226 & Pb-210 +2 dtrs 

Ra-228 + 1 dtr 

Rn-222 + 4 dtrs 

Sr-90 + 1 drr 

Tc-99 

Th-228 + 7 dtrs 

Th-230 

Th-232 

U-234 

U-235 + 1 dtr 

4.3 x 10" 

2.1 x 10" 

2.4 io9 

2.1 x lo4 

1.4 x 10" 

I 

3.0 x lo-" 

2.1 x 

1.3 x 10" 

6.4 x 10" 

3.6 x 

4.5 x 10" 

4.9 x io9 

3.1 io9 

1.1 io9 

4.4 io9 

2.8 

4.4 x 10-'O 

1.1 x 10" 

3.7 x 10" 

2.0 x lo4 

3.5 x 10" 

4.0 x io9 

3.0 x 10" 

0 

1.1 x 1 0 - l ~  

8.4 x 10-l~ 

1.3 x io9 

6.1 x lo-'' 

0 

1.7 x lo-'' 

2.6 x lo-'' 

3.4 x 10-I2 

4.4 x lo-'' 

3.9 x 10-'O 

4.5 x 10-'l 

2.3 x I 

I 

8.8 10-l~ 

9.0 x io9 

4.4 x 10-10 

0' 

3.4 io9 

1.2 

1.1 x 10-I' 

6.8 x 

1.5 x lo-'' 

7.8 x lo-'* 

4.7 10' 

5.3 x 10-l0 

U-238 + 2 dtrs 3.7 x 10-~ 2.6 10-~ 2.8 io9 3.4 x 10" 

S U M  5.5 x 1 0 5  3.9 10-7 7.4 x 10-9 5.7 x 104 

Arwlor-1254 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Nickel 

0 

1.2 

1.1 x 10" 

5.9 x 10" 

9.4 

4.0 x 10" 

2.4 

2.2 10-7 

8.2 x 10" 

7.2 

5.9 x 10" 

1.6 x 10" 

6.1 

7.2 

5.6 x lo-'' 

SUM 1.2 x lod 7.0 9.2 7.5 io-' 

Note: "Risks calculated using intakes in Table E.m-12 and dose-response parameters in Table E.4-2. 
kisks calculated using intakes in Table E.m-13 and dose-response parameters in Table E.4-2. 
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October 12.1993 

Transfer Media>>>>>> 

Exposure Route>>>>>> 

TABLE E.IV-6 

HAZARD QUOTIENT FOR THE OFF-PROPERTY FARMER, ALL LAND USE 
CURRENT SOURCE TERM 

Ai$ 

Antimony 

Arsenic 

BariUIl 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Silver 

Uranium 

Vanadium 

Zinc 

0 

0 

6.5 x 

0 

0 

0 

5.6 x 

0 

0 

8.2 x 

0 

0 

0 

0 

0 

0 

2.5 x 

4.4 x 10-5 

1.3 lo-3 

9.4 x lo-’ 

5.2 x l o 6  

4.0 x 10-4 

3.8 x 10-6 

4.6 x 10” 

0 

1.8 x 10-4 

3.0 10-5 

1.7 x 10-4 

1.2 x 10-4 

3.7 x 10-4 

7.4 105 

4.7 x 10’ 

6.0 

1.1 x 10-~  

3.3 x 

7.4 10 -~  

1.7 x 10“ 

7.0 x lo-’ 

1.4 x lo-’ 

4.9 x 1 0 ‘ ~  

0 

1.6 x lo-’ 

2.8 x lo-’ 

8.0 x 

7.8 x lo-’ 

4.0 x lo4 

2.4 

5.7 x 

1.8 x lo-’ 

1.3 x lo-’ 

3.1 x 10” 

2.6 x 10-~  

1.2 x 10-~  

7.8 x lo-’ 

5.7 x 

3.0 x lo-’ 

0 

5.5 x lo-’ 

2.8 x 

5.5 x 1 0 - ~  

2.0 x 

4.7 x 

7.9 io-’ 

2.2 x 10“ 

I SUM 6.5 x i o 2  5.4 1 0 3  1.8 10-~ 3.8 10-3 I 
‘Hazard Indices calculated using intakes in Table E.111-14 and dose-response parameters in Table E.4-2. 
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Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

TABLE E.W-7 

Soil Surface Water 

Ingestion 
of Milk 

Ingestion Ingestion Ingestion 
of Meat of Meat of Milk 

ILCR FOR THE OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS, CURRENT LAND USE 
CURRENT SOURCE TERM 

CS-137 + 1 dtr 

Np-237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 + 8 dtrs 

Ra-228 + 1 dtr 

4.6 x 10" 

6.1 x 10" 

4.0 x 10'" 

1.4 x lo-'' 

4.3 

6.7 x 10" 

~ 

6.5 x 10" 

2.2 x 10" 

1.1 x 10" 

3.2 x lo-'' 

3.1 x 10" 

4.9 

3.3 x 10" , 

NA' 

NA 

NA 

2.4 io9 
8.5 io9 

5.6 x 10" 

NA 

NA 

NA 

2.2 x 10" 

7.3 x 10" 

Sr-90 + 1 dtr 

TC-99 

Th-228 + 7 dtrs 

Th-230 

Th-232 

U-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

4.2 x 10" 
I 

8.4 'io5 
1.8 x lo? 

5.8 x io9 

3.1 x lo-'' 

3.3 

3.7 x 10" 

2.3 x 10" 

8.4 10-~  

4.0 x 10" 

6.0 x 10' 

1.9 x lo4 

1.0 x lo4 

3.9 x 10" 

4.4 x 

2.7 x 10" 

3.0 x 10" 

1.2 x 10" 

NA 

1.2 x lo-'* 

NA 

7.1 10-~ 

6.9 x 10" 

NA 

4.9 x 10-I2 

NA 

1.7 10-~ 

9.1 io9 
6.2 

2.4 x 10" 

1.3 

8.9 x 10" 

S U M  9.5 x los 53 x 10' 5.4 x lod 2.5 x loJ 
Chemical 

ArOClOr- 1254 

Arsenic 

Benzene 

Beryllium 

6.7 x 10" 

5.4 x 10" 

NA 

1.3 x 10" 

7.7 x 10" 

4.5 10" 

3.5 x 10" 

NA 

NA 

5.8 x 10" 

5.8 x lo-'' 

NA 

NA 

7.0 10-~ 

7.3 x 10-'O 

NA 

SUM 6.8 x 10' 8.2 x 10' 5.8 x lo4 7.0 1 0 7  

Note: 'Risks calculated using intakes in Table E.III-16 and dose-response parameters in Table E.4-1. 
k i s k s  calculated using intakes in Table E.III-18 and dose-response parameters in Table E.4-1. 
aisks  calculated using intakes in Table E.III-16 and dose-response parameters in Table E.4-2. 
dRisks calculated using intakes in Table E.III-19 and dose-response parameters in Table E.4-2. 
'NA - Not applicable, Exposure pathway not evaluated for constituent. 
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TABLE E.W-8 
HAZARD QUOTIENTS FOR THE OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS, CURRENT LAND USE 

CURRENT SOURCE TERM 

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

Air soil 

Ingestion of Ingestion of Ingestion of Ingestion of 
Meat Milk Meat Milk 
(a) (a) 0) 0) 

3.0 x lo-’ 

1.0 x 

9.3 10” 

7.3 x 10-I 

1.0 1 0 - ~  

8.3 x 

1.9 x 10-2 

1.1 x 10-2 

1.1 x 

7.5 io9 

1.3 10-~ 

1.0 x lo-2 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 
Cyanide 

Lead 

6.0 io-’ 

6.7 x lo-’ 

1.5 x 
I 2.2 

5.7 x 

NA 

0 

Manganese 

Molybdenum 

Nickel 

Selenium 

Silver 

UraniUm 

Vanadium 

zinc 

7.9 x lo-2 

6.8 x 

2.1 x 

NA 

3.0 x 10’ 

4.0 x lo-* 

1.7 x 10“ 

4.7 x 10-I 

1.6 x 10“ 

9.2 x 

1.4 x lo9 

5.3 

9.7 x 10” 

NA 

0 

2.1 x lo-2 

6.8 x 

3.2 x 

NA 

1.1 x 10-1 

3.3 x 

5.6 x 1 0 - ~  

1.2 x loo 

NA 

NA 

NA 

NA 

1.3 x 

1.7 x lo4 

0 

NA 

NA 

9.0 10” 

6.2 x-10-3 

4.0 10” 

1.9 x 10” 

NA 

3.0 x 10’ 

NA 

NA 

NA 

NA 

7.6 10-~ 

2.4 x lo4 

0 

NA 

NA 

6.0 10” 

1.1 x 10-I 

6.6 x 10” 

NA 

6.0 x 10“ 

1.2 x 10’ 

13 x 10’ 3.1 x IO’ SUM 4.7 x 10’ 2.5 x 10’ 

‘Hazard Indices calculated using intakes in Table E.m-17 and dose-response parameters in Table E.4-2. 
bHazard Indices calculated using intakes in Table E.IlI-20 and dose-response parameters in Table E.4-2. 
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TABLE E.N-9 

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

ILCR FOR THE TRESPASSING CHILD, CURRENT LAND USE WITHOUT ACCESS CONTROL 
FUTURE SOURCE TERM 

Buried Pit Materials 

Inhalation Incidental Ingestion Dermal Contact External Exposure External Exposure Ingestion Contact External Exposure 

Air Surface Soil/Exposed Pit Materials Sediment 

Dermal Incidental 

Radionuclides (a) 0) 0) (a (a (dl 

CS-137 + 1 dtr 6.3 x lo-" 2.0 io9 N A ~  2.7 x 10" 5.7 4.5 x NA 

Np-237 + 1 dtr 7.8 X 10% 9.9 x io9 NA 3.7 x 10-~ 6.1 x 10% 1.7 x io9 NA 

Pu-238 2.3 X 10% 2.2 x io9 NA 5.0 x 10l2 3.2 x 1.4 x io9 NA 

Pu-239/240 2.4 x 9.4 x io9 NA 2.0 x 1o-lI 7.7 x 10-l0 3.7 x 10-l0 NA 

Ra-226 + 8 dtrs 

Rn-222 + 4 dtrs 

7.7 x 10" 5.9 10-~ 

7.7 x 10" NA 

NA 

NA 

8.4 x io5 
NA 

NA NA NA 

NA NA NA 

Sr-90 + 1 dtr 1.9 x 10-I0 1.7 x lo4 NA 0 3.6 x 10"' 9.5 x 10-I0 NA 

TC-99 2.4 io9 3.6 x io9 NA 3.1 x lo-" 8.0 x 10-l~ 9.5 x lo-11 NA 

Th-230 1.1 x 10' 3.3 NA 2.5 x 10% 1.2 x io9 1.6 x 10% NA 

Th-232 + 10 dtrs 1.8 10" 1.6 NA 1.5 x 10" 1.0 10-~ 1.1 x 10% NA 

U-234 1.4 x 10" 7.2 x 10% NA 2.5 x io9 5.1 x lo-'' 1.5 x 10% NA 

NA 1.6 io9 U-235 + 1 dtr 1.2 io5 8.8 x lo9 NA 2.4 x 10" 4.6 io-' 
U-238 + 2 dtrs 3.9 io5 2.7 NA 6.4 x 10" 2.5 x 10" 1.0 x'10-7 NA 

SUM 2.0 x lo4 13 x 106 2 5  x 104 3.6 x 10" 5.0 1 0 7  7.2 x 10" 

Chemicals (e) (0 (0 (R) 
Aroclor-1248 

Aroclor- 1254 

Aroclor-1260 

Arsenic 

Beryllium 

Cadmium 

r 

NA 4.4 x 10% 

NA 1.6 x 

NA NA 

1.2 x 10' 

5.1 x 10% 2.1 x 

7.9 x io5 

6.5 x 10% NA 

Chromium 

Nickel 

Benzo(a)pyrene 

3.1 x 10" NA 

9.0 x lo4 NA 

: 8.5 x io9 4.1 x io9 

2.7 x 10" 

9.7 x lo4 

NA 

1.2 

3.2 10" 

NA 

NA 

0 

0 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA NA NA 

NA 1.5 9.4 

NA 1.2 x 2.1 x 10% 

NA 4.9 x 10% 7.3 x 10" 

I 

NA 2.2 x '10% 1.3 X 10" 

NA NA NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA NA NA 

NA NA NA 

NA NA ' NA 

Benzo(a)anthracene' 1.2 x 10-l0 7.9 x 10-l0 0 NA NA NA NA NA 



- -  
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Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

! TABLE E-IV.9 
(Continued) 

Buried Pit Materials Sediment Air Surface SoilExposed Pit Materials 

Incidental Dermal 
Inhalation Incidental Ingestion Demal Contact External Exposure External Exposure Contact External Exposure Ingestion 

Benzo(b)fluoranrhene' 

-sene' 

Indene( 1 ,2,3cd)pyrene' 

Pentachlorophenol 

Tetrachloroethene 

2,3,7,8-TCDF 

HPCDD 

HPCDF 
HXCDD 

HXCDF 

OCDD 

OCDF 

.1.6 x lo-'' 9.9 x 10"O 

3.8 x 2.4 x lo-'' 

8.3 x lo-'' 5.2 x lo-'' 

0 3.1 x 5.2 x lo4 

4.5 1 0 - l ~  2.0 x 10"O 1.3 x lo4 

0 6.0 x io9 1.8 x 10" 

0 6.3 io9 1.9 io-' 

0 2.7 x lo4 8.1 x io-' 
' 0  

0 

0 

0 

9.2 io9 2.8 x lo6 

8.1 x io9 2.4 x 10" 

3.8 io9 1.1 x 10" 

2.2 X'  10- 'O 6.6 x lo4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA NA NA NA' 

NA NA NA NA 

NA NA NA NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

SUM (TEF for 

SUM (BaP for PAHS)~ 

13 x lo4 

13 x lo4 
7.9 x loJ 6.6 x loJ 3.4 1 0 7  1.8 x loJ 

Note: 'Risks calculated using intakes in Table E.III-21 and dose-response parameters in Table E.4-1. 
%sks calculated using intakes in Table E.III-24 and dose-response parameters in Table E.4-1. 
"Risks calculated using intakes in Table E.III-27 and dose-response parameters in Table E.4-1. 
dRisk calculations for this exposure pathway are presented in Table EN-32. 
msks  calculated using intakes in Table E.III-22 and dose-response parameters in Table E.4-2. 
'Risks calculated using intakes in Table E.III-25 and dose-response parameters in Table E.4-2 and E.4-5. 
*Risks calculated using intakes in Table E.III-28 and dose-response parameters in Table E.4-2 and E.4-3. 
'NA - Not applicable. Exposure pathway not evaluated for constituent. 
'Risks calculated based on TEF approach for PAHs. Totals calculated for both TEF and BaP approach. 
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Transfer Media>>>>>>> 

TABLE E.IV-10 

HAZARD QUOTIENTS FOR THE TRESPASSING CHILD, CURRENT LAND USE 
FUTURE SOURCE TERM 

Air Soil' Sediment 

Exposure Route>>>>>>> 

Constituent 

~~ ~~ ~~ ~ ~~~ ~~ ~~ - ~~ 

Incidental Incidental 
Inhalation Ingestion Dermal Contact Ingestion Dermal Contact 

Radionuclides (a) (b) 0) (c) (c) 
Antimony 0 6.6 x IO" 6.7 x 5.6 x IO" 5.7 x lo-2 

Arsenic 0 8.5 x IO-' 2.9 x IO-' i:4 x 10" 2.2 x 10" 

Batium 1.7 x IO-' 3.1 x 10" 5.2 x  IO-^ 6.7 x 10'~ 1.1 x 10" 

2.0 x 10" Beryllium 0 5.7 x io5 . 8.6 x IO" 1.3 x 10" 

1.5 x lo-2 

Cobalt 3.1 x lo-' 2.1 io5 7.0 x 1.4 x 10" 4.8 io5 

Boron 6.0 io5 2.0 10" 6.0 x 10" NA NA 
Cadmium 0 7.4 x IO" 2.2 x lo-2 4.8 x 10" 

Chromium 0 7.2 x 10' 2.0 x 10-2 2.3 x 10" 3.0 x 10" 
I 

Copper 0 1.8 x 10-~ 0 3.8 x io5 9.5 x 10" 

Cyanide 0 9.3 x io-' 0 NA NA 
Lead 0 0 0 0 0 

Manganese 3.4 x 10-1 1.7 x 10" 8.8 x 3.4 x 10" 1.7 x IO-' 
Mercury 8.4 x 10" 1.4 x 10" 7.3 x 10" NA NA 

7.1 x io5 2.8 x 10" Molybdenum 0 1.1 x 4.5 x 10-~ 

Nickel 0 2.8 x 10" 2.2 x 10' 1.2 x 10" 9.0 x io5 

Silver 0 2.4 x 10' 0 1.5 x 10" 0 

Thallium 0 5.5 x 10" 8.3 x 10" 9.7 x 10" 1.5 x 10" 

Uranium 0 2.7 x 8.0 x IO-' 2.0 x lo-2 

zinc 0 2.5 io5 1.6 x 10' 1.3 10" 7.9 io5 

Selenium 0 1.3 x 10" '2.4 x 10' NA NA 

Tin 0 4.0 x 10" 6.2 x IO-' NA NA 
6.1 x IO-' 

VaIladiUm 0 1.2 x 10-2 3.4 x 10-1 2.4 x 10" 7.1 x 10" 

Pentachlorophenol NA 5.0 io-' 0 NA NA 
Tetrachlorophenol NA 2.4 x 10" 1.6 x 10" NA NA 

SUM 8 3  x 10' 9.1 x 10' 1.7 x 10' 3.6) x 102 7.1 x PO'' 

'Hazard Indices calculated using intakes in Table E.lII-23 and dose-response parameters in Table E.4-2. 
bHazard Indices calculated using intakes in Table E.lII-26 and dose-response parameters in Table E.4-2. 
% m u d  Indices calculated using intakes in Table E.lII-29 and dose-response parameters in Table E.4-2. 
*Includes exposed pit materials 
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TABLE E.IV-11 

Transfer Media>>>>>>> 

Exposwe Route>>>>>>> 

Constituent 

ILCR FOR THE OFF-PROPERTY FARMER, ALL LAND USE WITHOUT ACCESS CONTROL 
FUTURE SOURCE TERM 

Air Groundwater 

Ingestion Ingestion of Ingestion of Ingestion Ingestion Ingestion Ingestion 
Inhalation Vegetables/Fruit Meat Milk Drinking Water Vegetables/Fruit of Meat of Milk 

CS-137 + 1 dtr 

Np-237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 + Pb-210 + 2 dtrs 

Rn-222 + 4 dtrs 

Sr-90 + 1 dtr 

TC-99 

Th-230 

Th-232 + 10 dtrs 

U-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

4.2 x lo-'' 

4.7 

1.2 io9 

1.1 x 10" 

3.6 io5 

3.6 10" 

1.0 io9 

5.0 x 10" 

8.0 io5 

6.9 io5 

2.0 x 10" 

I 

1.3 x 10" 

6.4 x 10" 

9.9 io9 

8.7 x io9 
4.8 x 10" 

8.5 x 10" 

6.6 x 10" 

NA' 

9.5 io9 
2.6 x 10" 

2.9 x 10" 

1 . 6 ~  10" 

5.4 107 

5.2 x 10" 

1.3 x 10" 

1.8 x 10" 

2.7 x 10-l' 

3 . 1 . ~  io-" 

2.7 

5.7 x lo-'' 

3.5 x io9 
1.9 io9 
6.0 io9 

6.6 x lo-'* 

NA 

1.6 x 10" 

5.8 x lo-'' 

1.6 x lo4 

2.5 x 10" 

9.9 x 10-l1 

2.5 10-l~ 

2.0 x 10" 

1.1 x 10" 

7.3 x 10" 

1.2 x 10" 

6.4 x io9 

6.9 x io9 
1.9 10'~ 

5.3 x 

NA 

7.2 x 10" 

NA 

1.3 x 
NA 

NA 

NA 

NA 

1.ox 10-l1 

2.0 10-~ 

NA 

NA 

4.8 x io5 
1.1 x 10-~ 

4.2 x 10" 

~~ 

NA 

4.2 10'17 

NA 

NA 

NA 

NA 

4.3 x 10-l2 

6.2 x 10" 

NA 

NA 

1.4 io5 

3.4 x 10" 

1.3 10" 

NA 

1.5 10-l~ 

NA 

NA 

NA 

NA 

1.5 x 10-l~ 

2.3 x lo4 

NA 

NA 

1.1 10-~  

9.2 

2.4 x los 

NA 

5.5 x lo-m 

NA 

NA 

NA 

NA 

3.2 x 

1:i 10-~ 

NA 

NA 

1.3 x 10" 

2.9 x 

1.1 io5 
1 3  105 SUM 9.4 x lo4 1 3  10-5 3 3  107 2 3  x lod 4.43 x lo4 1.5 x lo4 1.1 x lod 

Chemicals (0 
Arsenic 

Beryllium 

Cadmium 

Chromium 

Nickel 

Aroclor-1248 

Arwlor-1254 

Benu>(a)anthracene' 

3.3 x 10" 

1.5 10-~ 

1.9 

2.6 10" 

0.0 x loa 

8.8 x 10" 

0 

3.2 x lo-'' 

5.9 x 10" 

1.1 x 10" 

0 

0 

0 

3.0 10-~ 

2.7 1 0 - ~  

5.4 x io9 

1.7 x 10" 

2.2 10'~ 

0 

0 

0 

2.5 

8.5 

3.0 io9 

2.0 io5 
7.7 10-~ 

0 

0 

0 

3.1 

7.0 

4.0 io9 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

E-IV-13 
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TABLE E-IV.11 
(Continued) 

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

A i r .  Groundwater 

Ingestion Ingestion of Ingestion of Ingestion Ingestion Ingestion Ingestion 
Inhalation VegetablesFruit Meat Milk Drinking Water VegetablesFmit of Meat of Milk 

Benzo(b)fluoranthene 4.4 x 10'" 6.6 x 10' 3.4 x 10" 4.3 x 10' NA NA NA NA 

Benzo(g,hh,i)peryleneb 

-seneb 

Indeno(1 ,2,3-cd)pyreneb 

Pentachlorophenol 

0 0 0 0 NA 

1.0 x 10-l1 1.7 x lo-'' 9.6 x lo-" 1.2 x 10-l0 NA 

2.4 x lo-'' 3.4 x 104 2.2 x 10-~ 2.8 10-~ NA 

0 2.2 x 104 3.1 x lo-'' 3.8 x lo-'' NA 

NA 

NA 

NA 

NA 

NA NA 

NA NA 

NA 

NA 

NA 

NA 

Tetrachloroethene 2.0 x lo-'* 7.8 x lo-'' 3.3 x 10-l~ 4.2 10-l~ NA NA NA NA 

2,3,7,8-TCDF I O  3.9 x 10" 4.6 io-' 9.0 10-~ NA NA NA NA 

HpCDD 

HpCDF 

HXCDD 

HXCDF 

4.1 x 10" 4.8 9.3 10-~ NA 

1 . 4 ~  10" 1.7 3.2 NA 

5.1 x 10' 6.0 io-' 1.2 x lo6 NA 

5.3 x 10" 6.3 3.2 x 10" NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

OCDD 0 2.6 x 10" 2.9 10-~ 5.6 x NA . NA NA NA 

OCDF 0 1.5 x 104 1.8 x 10' 3.3 x lo4 NA NA NA NA 

SUM (TEF for PAHs)~ 2.9 x lo3 5.9 x lo4 1.7 x lo4 2.8 x 10" 

SUM (BaP for P A H ~ ) ~  2.9 x lo3 5.9 x lo4 1.7 x lo4 2.8 x loJ 

Note: 'NA - Not applicable. Radon is a gas. 
kisks calculated for PAHs based on TEF approach. Totals calculated for both TEF and BaP approach. 
msks calculated using intakes in Table E.III-30 and dose-response parameters in Table E.4-1. 
dRisks calculated using intakes in Table E.III-33 and dose-response parameters in Table E.4-1. 
msks calculated using intakes in Table E.III-31 and dose-response parameters in Table E.4-2 and E.44. 
'Risks calculated using intakes in Table E.III-34 and dose-response parameters in Table E.4-2. 

I 

I 
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TABLE E.W-12 

HAZARD Q U O T I E ~ S  FOR THE OFF-PROPERTY FARMER, ALL LAND USES - 
Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

mJTuRE SOURCE TERM 

Air Groundwater I 

Dermal Contact Ingestion of Ingestion of Ingestion of Ingestion of Ingestion of Ingestion of Drinking 
Inhalation VegetablesFruits Meat Milk Water While Bathing VegetablesFruit Meat Milk 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Cyanide 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

UraniUm 

Vanadium 

zinc 

0 

0 

9.3 x lo-* 

2.8 10-~ 

0 

0 

'0 

1.6 x IO-' 

0 

0 

0 

1.6 x 10" 

4.1 10" 

0 

0 

0 

0 

0 

0 

0 

4.0 

1.1 x 10' 

6.3 10'~ 

5.2 io5 

2.2 

4.0 

1.4 io5 
5.9 10-~ 

8.6 x 10" 

1.6 x 10" 

0 

3.5 10" 

1.9 x 10" 

1.1 x 10' 

1.5 x 10" 

4.2 x 10" 

4.0 x 10" 

4.3 10-~ 

5.2 x IO" 

2.4 x 10' 

9.8 x 10' 

3.1 x lo-' 

4.7 x 10' 

1.0 x io5 
4.8 x io9 
5.5 x IO" 

4.0 io5 
6.2 io9 

6.4 x 10' 

2.6 x 

0 

3.1 x 10' 

5.0 x 10" 

1.4 10" 

5.0 x 10' 

5.4 x 10" 

2.8 x 10" 

3.0 x 10" 

5.0 x l o5  

2.4 x lo-' 

4.0 x 10" 

3.7 x lo-* 

4.4 x io9 

3.6 x IO8 

3.6 x lo4 

4.0 10-~  

7.0 x 10" 

1.6 10" 

3.8 10'~ 

3.4 x 10-'2 

1.1 x 10" 

3.7 io5 
1.4 10" 

3.5 x loo 

7.2 x 10-~ 

6.0 

0 

5.8 x 10" 

2.5 x lod 

3.2 x lo-' 

NA 

NA 

1.9 

2.1 10-~ 

NA 

NA 

NA 

NA 

NA 

1.7 x IO8 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8.1 x 10' 

NA 

NA 

5.0 x lo-'' 

NA 

1.0 x 10" 

NA 

NA 

NA 

NA 

0 

NA 

NA 

NA 

NA 

NA 

NA 

. NA 

NA 

NA 

4.0 x lo-' 

NA 

NA 

1.7 10-~ 

NA 

6.1 x 10" 

NA 

NA 

NA 

NA 

8.0 x IO4 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2.4 x 10' 

I 

NA 

NA 

6.7 x lo4 

NA 

3.4 x 10" 

NA 

NA 

NA 

NA 

2.8 x 1 0 - l ~  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.7 x 

NA 

NA 

6.3 x lo8 

NA 

3.1 10-~ 

NA 

NA 

NA 

NA 

3.9 10-l~ 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2.2 x lo-' 

0 

0 

1.4 x 4.7 10" 1.4 x 10' NA NA 

2.2 io5 2.7 x 1.1 x 10-2 NA NA 

rrrA 

NA 

NA NA 

NA NA 

2.2 x 10' SUM 4.1 x 10' 3.6 x 10' 5.6 x 10' 3.9 x 10' 8.1 x 10' 4.0 x 10' 2.4 x 10' 1.7 x loe2 

'Hazard Indices calculated using intakes in Table E.m-32 and dose-response parameters in Table E.4-2. 
bHazard Indices calculated using intakes in Table E.III-34 and dose-response parameters in Tables E.4-2 and E.4-5. 0 A 
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TABLE E N - 1 3  

ILCR FOR THE GREAT MIAMI RIVER USER, CURRENT LAND USE 
FUTURE CONDITIONS 

~ ~~ ~ 

Ingestion of Ingestion of Incidental 
Drinking Vegetables Ingestion of Ingestion of Ingestion of Ingestion of 

Radionuclide Water and Fruit Meat Milk Water Fish ILCR 

(3-137 + 1 dtr 

Np-237 + 1 dtr 

h-238 

h-239/240 

Sr-90 + 1 dtr 

Tc-99 

Th-230 

Th-232 + 10 dtrs 

U-234 

U-235 + 1 dtr 

U-238 + 2 dtn 

3.8 x 

5.0 x lo-'' 

1.3 x lo-" 

3.4 x 1 0 ' 2  

1.5 10-9 

1.3 x IO-' 

4.2 x 1 0 "  

3.1 x 10-11 

2.0 x 1 0 8  

2.3 

1.4 10-7 

1.5 x 10-12 

3.9 x 10-l2 

1.0 x 10-l2 

1.6 x IO-'' 

6.2 x lo-'' 

4.0 x 

1.3 x 1o-Il 

9.5 x IO"2 

5.9 x 

6.8 x IO-'' 

4.3 x 

1.6 x 1 0 1 2  

5.6 10-13 

7.1 10-17 

2.0 x 1017 

2.2 x 10"  

1.6 x 

3.5 10-15, 

2.4 1045 

4.3 x 10-11 

3.1 x 10' '  

5.0 x 10'l2 

5.0 10-15 3.1 10-12 1.2 10-11 2.3 x 1 0 1 2  

2.1 10-13 6.4 x 2.0 x 10"O 8.6 x 

5.9 10-17 1.7 x 7.0 x 1 0 "  7.2 x IO-'' 

1.6 x 4.4 x 2.3 x 6.7 x 

2.2 x 10-11 2.0 10-l~ 1.0 x 3.7 x 

7.7 10-9 1.7 10-l~ 3.4 x 2.9 x IO-* 

1 . 1  10-14 5.5 x 1 O I 4  3.4 x 10-l' 8.9 x IO-" 

8.4 10-15 4.0 x 2.5 x IO-" 6.6 x IO-" 

5.4 x 10-10 2.5 x lo-" 1.1 x 2.7 x IO-' 
6.3 x I O "  3.0 x 1.2 x lo-'' 3.2 x 

3.9 10-9 1.8 x IO-'' 7.6 x I O 9  2.0 x 

SUM 
~~~ ~ ~~ 

1.8 x 5.3 x 2.0 x 1 0 - ~  1.2 x 10-8 2.3 x 1.4 x IO-' 2.5 x 

'Risks calculated using intakes in Table E.111-35 and dose-response parameters in Table E.4- 1. 
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Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

TABLE E.W-14 

Soil Surface Water 

Ingestion of Meat Ingestion of Milk Ingestion of Meat Ingestion of Milk 

ILCR FOR THE OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS, CURRENT LAND USE 
FUTURE SOWRCE TERM 

CS-137 +1 dtr 

Np-237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 + 8 dtrs 

4.390 + 1 dtr 

TC-99 

Th-230 

Th-232 + 10 dtrs 

U-234 

U-235 +1 dtr 

U-238 + 2 dtrs 

~ ~ _ _ _  

4.5 x 10" 

6.2 x 10" 

4.0 x lo-'' 

1.4 x 10" 

4.1 x 10-~ 

8.3 x io5 

5.7 x io9 

4.4 x 109 

3.2 x 10-7 

I 4.3 x 10" 

3.8 x 10" 

2.3 x 10" 

6.4 x 10" 

2.2 x 10' 

3.3 x lo-" 

1.2 x lo-" 

3.0 x 10" 

8.6 x lo5 

4.0 x 10' 

2.0 x 10' 

1.5 x 10' 

3.8 x 10" 

4.5 x 10-7 

2.7 x lo5 

2.9 x lo4 

NA' 

NA 

NA 

4.5 109 

2.6 x 10" 

1.5 x 10" 

1.4 x lo-'' 

2.1 10-7 

8.7 x 

1.2 x 10" 

4.8 x lo4 

NA 

NA 

NA 

3.9 x 10" 

6.2 x 10" 

8.6 x 10" 

5.4 x 10- 

3.0 x 10" 

1.7 

- 1.3 x 10-5 

SUM 9.5 x los 53 x lo4 5.5 x lo4 2.9 x loJ 

Aroclor- 1254 

Arsenic 

Beryllium 

7.7 x 10' 

4.5 x 10" 

3.5 x 10" 

6.7 x 10' 

5.4 x lo6 

1.3 x 10" 

NA 

6.3 x lo4 

4.9 x lo-'' 

NA 

7.7 x 10-~ 

6.4 x 10"' 
~ ~~ ~~ ~~ ~ ~~ 

I 

SUM 8.2 x lo4 6.8 x lo4 63 x lo4 7.7 1 0 7  

'NA - Not Applicable. 
kisks calculated using intakes from Table E.III-36 and dose-response parameters from Table E.4-1. 
'Risks calculated using intakes from Table E.III-39 and dose-response parameters from Table E.4-1. 
dRisks calculated using intakes from Table E.III-37 and dose-response parameters from Table E.4-2. 
Wsks calculated using intakes from Table E.III-40 and dose-response parameters from Table E.4-2. 

I 

f i! 5.2. 
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TABLE E.W-15 

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

HAZARD QUOTIENTS FOR THE OFF-PROPERTY USER OF MEAT AND DAIRY PRODUCTS, 
CURRENT LAND USE, FUTURE SOURCE TERM 

Soil Surface Water 

Ingestion of Meat Ingestion of Milk Ingestion of Meat Ingestion of Milk 

Arsenic 1.0 x 10" 8.3 x 1.2 x lo2 1.4 x io5 

Barium 

Beryllium 

cadmium 

Chromium 

9.3 x io5 

6.0 x 10-7 

6.7 x 10" 

1.0 x 10-3 

1.6 x io4 

9.2 x 

9.6 x lo4 

NA 

NA 

8.9 x 10" 

NA 

NA 
I 

1.5 x 10" 1.4 x 10" NA NA 

Cobalt 

Copper 
Cyanide 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Silver 

Uranium 

2.2 x 10-3 

5.7 x lo-2 

NA 

0 

7.9 x lo9 

6.8 x 10" 

2.1 x 10" 

NA 

3.0 x 10' 

4.0 x 

5.3 x 10-3 

9.7 x 10" 

NA 

0 

2.2 x lo-2 

6.8 x 10" 

3.2 x 10" 

NA 

1.1 x 10-1 

3.3 x 10-3 

NA 

1.3 x 10" 

1.7 x 10" 

0 

NA 

NA 

8.0 x 10-3 

6.4 10-3 

7.0 x 10-3 

NA 

1 

NA 

7.6 x 10" 

2.4 x 10" 

0 

NA 

NA 

5.0 x 10" 

7.0 x 10-3 

1.9 x 10-1 

NA 

Vanadium 1.7 x 10' 5.6 x 1 0 3  2.7 x 10" 8.9 x lo4 

zinc 4.7 x 10" 1.2 x loo 2.8 x loo 1.1 x loo 

SUM 4.7 x loo 2.5 x 10' 2.9 x 10' 13 x 10' 

'NA - Not applicable. 
%uard  indices calculated using intakes from Table E.III-38 and dose-response parameters from Table E.4-2. 
'Hazard indices calculated using intakes from Table E.III-41 and dose-response parameters from Table E.4-2. 
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TABLE E N - 1 6  

ILCR FOR THE ON-PROPERTY RESIDENT FARMEX, mTTURE LAND USE 

Exporune Roue>>>>>> 

Constituent 

FUTURE SOURCE TERM 

B U M  Pit 
Air Soil surfact Wakr (3roundwater Material 

Ingestion Ingestion Ingestion Ingestion Ingertion Ingestion IngMtion Ingestion Inhalatioo Demal 
Ingestion of of of Ingestion of of of Incidental External Dermal of of of Ingestion of Ingestion of of of ContPEt External 

Inhalation Vegelabk@Nit Meat Milk Vegetabk~ruil Meat Milk Ingestion Exposure Contact Meat Milk Drhkhg Vegetabks/Pruit Meat Milk VOCS Whik EXpOSUlC 

Water Bathing 

G-137+ 1 dtr , 

Np237+ldtr ' 

Pu-238 

PU-239/t40 

Ra-226 & Pb-210 + 2dtm 

Rn-222 + 4 dtrs 

Sr-90 + I dtr 

TC-99 

Th-230 

'Th-232 + IO dhs 

u-234 

U-235 + I dtr . 

U-238 + 2 dtrs 

3.5 

4.4 x 10-6 

1.3 x IOd 

1.3 10'~ 

4.3 x 104 

4.3 x IO-' 

1.1 x 10-8 

1.3 io-' 

6.1 IO-) 

9.9 x 10-4 

7.8 x IO4 

6.7 x IO-' 

2 2  IO-' 

8.4 x lo-' 

4.5 

9.3 x 10-8 

1.0 x 10-6 

8.0  IO-^ 

N A ~  

1.0  IO-^ 

2 8   IO-^ 

3.5 x 10-5 

20 x Io-' 
6.1 x IOa 

5.4 x 10-6 

1.5 x 10-5 

1.5 

2 5  10-9 

3.4 x IO'" 

7.9 x IO'" 

3.3 x 10-6 

NA 

6.1 

1.7 

4.2 x IO4 

2 4 x  lo4 

6.8 x IO-' 

6.0 x IO4 

1.6 

2 1  

9.2 x IO'" 

2.7 x 14" 

6.3 x lO'" 

2.4 x IO-' 

I NA 

1.2 io-' 

7.9  IO-^ 

1.4 

7.9 x 148 

8.2 

7.2 10-7 

L O X  10-6 

1.1 x 10-6 

1.4 x lod 

4.8 

1.7 

1.4 x lod 

NA 

1.9 x lo-' 

2 2  x lo-' 

1.1 ,107 

8.2 x IO4 

4.8 x lod 

5.8 IO-' 

3.4 x 10-5 

4.5 x 10-6 

6 . 2 ~  10" 

4.0 x IO'" 

1.4 x IO'" 

4.1  IO-^ 

NA 

4.3 x 10-6 

8.3 10-5 

5.7  IO-^ 

4.4 10'9 

3.2 10-7 

3.8 x l+ 

2 3 x  IOd 

6.4 x IO4 

2 2 x  10-8 

3.3 x IO'" 

1.2 x 14" 

3.0 x lod 

NA 

8.6 x IO-' 

4.0 io4 

20 x 10-8 

1.5 x 10-8 

3.8 x IOd 

4.5 

2 7  x 10" 

5.9 1 0 7  

6.2 10-7 

1.7 io4 

2 9 x  lod 

2 5 x  lod 

NA 

5.0 

1.0 x lab 

9.2 x IO" 

4.6 x lo-' 

2 1  x 10-5 

2 4 x  IOb 

7.6 x IO-' 

3.9 x la* 

5.2 x IO-' 

7.3 x 10-10 

2 9 x  10'9 

1.2 x I O "  

NA 

0 

4.5 10'9 

3.6 x lab 
2 2 x  l(r2 

3.6 10'7 

3.5 x le 
9.3 x Id 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

29 x lod. 

NA 

NA 

NA 

4.5 

NA 

2 6 x  IO4 

1.5 x la6 

1.4 x 1W'' 

NA 

2 1  IO-' 

1.2 x I+ 

8.7 

4.8 x lo4 

NA 

NA 

NA 

3.9 x IO" 

NA 

4.8 x lod 

8.6 x lod 

5.4 x I d 2  

NA 

3.0 x IO4 

1.7 107 

1.3  IO-^ 

1.3 10'9 

1.4 x lab 

NA 

NA 

6 . 9 ~  IO'' 

NA 

8.3 10'9 

6.4 10'7 I 

1.ox la6 

NA 

6.9 x ld 

1 . 6 ~  lo* 

5.9 1 4 3  

4.2 x IO-'' 

4.2 

NA 

NA 

2 3  x lo-' 

NA 

3.3 

3.3 10'7 

20 w7 
NA 

2 1  x 10-4 

4.8 10-~ 

1.8 10-3 

1.5 x 10-12 

7.7 x Io-'* 
NA 

NA 

4.4 10-7 

NA 

1.2 x 10-10 

1.3 

5.1 x IO'" 

NA 

:1.5 x 10-6 

3.2 

1.3 x lo-' 

5.5 IO-" 

6.4 x lo-'' 

NA 

NA 

3.3 x 104 

NA 

2 4 x  10'9 

6.2 1cr7 

1.7 x IO-" 

NA 

1.9x 14' 

4.2 x lab 

1.6 x lfl 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

SUM 1.2 x 102 1.6 x lo4 4.0 x lo4 29 x loJ 6.5 x loJ 9.6 x loJ 5.2 x lo4 4.1 x lo4 2 4  x 10' SJ x iob 3.0 x io5 6.8 103 21  103 1.5 x 10" 1.9 x lo4 1.2 x 103 

Cbcmkab (g) (P) (g) (e) (h) (h) (h) (i) (2.4 x 10-2)b (i) (m) (m) (3 (n) ( 4  (n) (n) (n) 

0 7.6 x IO-' NA 

Beryllium 1.7 x lo4 1.3  IO-^ 2 6  x IO" 9.5 x IQ9 3.7 x 3.5 x IOd 1.3 x lo-' 3.6 x l o 5  NA 9.9 x l f l  4.9 x lO'" 6.4 x IO-'' NA NA NA NA NA NA NA 

Cadmium 2 2  x 10-6 0 0 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

aVomium 1.1 x I O 4  0 0 0 NA NA NA 0 NA 0 NA NA NA NA NA NA NA NA NA 

Nickel 3.1 x IO4 0 0 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

&lor- 1248 0 3.8 x 3.1 x IOd 3.9 x IOd NA NA NA 7.8 x IOd NA 8.6 x IO-' NA NA NA NA NA NA NA NA NA 

ArOcl~r- 1254 0 3.4 x 10-6 1.0 x 10' 8.5 x IOa 1.3 x IO4 7.7 x IO-' 6.7 x lo4 4.0 x IO-' NA 4.4 x la4 NA NA NA NA NA NA NA NA NA 

Bcnzo(a)anthfaccnc~ 4.1 6.7 x IO" 3.7 x 4.8 x 10 '  NA NA NA 8.3 x 10' NA 0 NA NA NA NA NA NA NA NA NA 

Benzo(a)pF= 3.0  IO-^ 5.1 x 10-6 7.0 x IO4 8.8 x IOd NA NA NA 6.9 NA 0 NA NA NA NA NA NA NA NA NA 

Benzo(b)flUOr8Ilthenc~ 5.3 x 10-10 8.2  IO-^ 4.2 x IO4 5.3 x IO-' NA NA NA NA 0 NA NA NA NA NA NA NA NA NA 

Bcnzo(g.bi)pcry kncC 0 0 0 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

auysoc 1.3 x 1 0 ' O  2.0 1.2 1 0 9  1.5 10'9 NA NA NA 4.1 109 NA 0 NA NA NA NA NA NA NA NA NA 

Indcno(l.2.3cd)pyrcncc 2 9  10-9 4.2 x IO-' 2 8 x  lo4 3 . 4 ~  IOd NA NA NA 8.9 x IO-* NA 0 NA NA NA NA NA NA NA NA NA 

ArscniC 4.1 IO-' 7.4  IO-^ 2 2  IO-' 2 5  io-' 3.8 lo-' 4.5 10'' 5.4 lod 1.4 10-2 NA 4.0 x le 6.3 x lod 7.7 x IW7 2 8  x lU' 1.1 x 10-2 1 . 6 ~  10-~ 2 o X  la4 

1.8 

1 
i w 0 U I W . I  Z9&W.l6#-3&93 1 1 : 12pm 



TABLE E-lV.16 
(Continued) 

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

Buried Pit 
Air Soil' Surface Water Groundwater Material 

Ingestion Ingestion Ingestion Ingestion Ingestion Ingestion Ingestion Ingestion Inhalation Dermal 
Ingestion of of of Ingestion of of of Incidental External Dermal of of of Ingestion of Ingestion of of of Contact External 

Inhalation Vcgetabks/Fruit Meat Milk V e g e t a b ~ r u i t  Meat Milk Ingestion Exposure Contact Meat Milk hinkhg Vegetabks/Fruit h a t  Milk VOCS Whik ExposUlC 
Water Bathing 

SUM (TEF for PAW)' 42 x IO3 7.4 x 103 23 x IO4 3.5 x loJ 1.7 x 10'' 8.2 x 10'' 6.8 x lo' 1.4 x 10' 2.3 x lo3 6.3 X lo4 7.7 X 10' 28 X 10" 1.1 X 10' 1.6 X lo3 20 X 10" 1.3 X 10" 7.6 X loJ 

23 X lo3 1.4 X lo5 SUM (BaP for PAHs) 4 2  x io3 7.4 x 10-~ 23 x io3 3.5 x io-' 
1.4 X lo2 

IXC: 'NA - Not applicabk. 
bCalculated usin thc one-hit model. eh catculad bascd on TEP approach for PAHs. Totals calculated for both TEF and BaP appnmch 

sks calculated using intakes in Table E.m-42 and dose-response parameters in Tabk E4-1. 
%inks calculated using intakes in Table E.III-45 and dose-response paremeters in Tabk E4-1. 
'Risks calculated using intakes in Table E.III-51 and dose-response parameters in Tabk 84-1. 
eRisks calculated using intakes in Table E.III-43 and daw-response parameters in Tabk E4-2. 
%inks calculated using intakes in Table E.III-46 and dose-mpomc parameters in Table E4-2. 
'Risks calculated using intakes in Table E.IlI-52 and dose-response parameters in Tabk E 4 2  and Ed-5. 
jRisks calculated using intakes in Table E.III-48 and dose-response parameters in Table E4-1. 
'RLsks calculated using intakes in Table E.III-54 and dose-response parameters in Tabk E.4-1. 
'Risks calculated for this cxposurc pathwa am presented in Table EIV-33. 
mRisks calculated using intakes in Table EhI-49 and dose-response parameters in Tabk E4-2. 
%ks calculated using intakes in Table E.III-55 and dose-response parameters in Tabk E4-2 and EA-5. 

I I 



TABLE E.lV-17 

Inhalation 

HAZARD QUOTIENTS FOR THE ON-PROPERTY FARMER (RME), FUTURE LAND USE 
FUTURE SOURCE TERM 

Ingestion of Ingestion of 
Vegetable/ Ingestion of Ingestion of Incidental Dermal Vegetables/ Ingestion of Ingestion of Ingestion of 

Fruit Meat Milk Ingestion Contact Fruit Meat Milk Meat 

Air I soil* I Surface Water I Groundwater 

Ingestion of 
b g E  of I D E  

Coostituent 

Dermal Ingestion of Con;.~de Vegetables/ Ingestion Ingestion 
of Milk of Meat Fruits 

Antimony 

Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
ChrOmium 
cobalt 

Copper 
Cyanide 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
'Iballium 
Tin 
UraniUm 
Vanadium 
zinc 
Pentachlorophenol 
Temchlorophenol 

0 

0 

1.0 x lo" 

0 

3.5 x lo" 
0 

0 

1.8 x lo" 

0 

0 

0 

2.0 x lo" 
5.0 x 10" 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NA 
NA 

4.8 x 10' 
1.4 x 10' 
7.0 x 10' 
6.2 x 10" 
2.8 x 10" 
4.8 x 10' 
1.0 x 10' 
1.6 x 10" 
6.2 x 10' 
1.9 x 10' 

0 

4.3 x 10' 
2.3 x 10" 
1.7 x 10' 
1.3 x 10' 
5.2 103 
4.6 103 
4.7 x 10' 
6.3 x 10' 
2.7 x le 
1.7 x 10' 
2.6 x 10' 

NA 
NA 

1.2 x 10' 
4.0 x 10' 

1.2 x 10" 
6.0 x lo4 

6.5 x 10' 

4.5 x lo4 
6.5 x 10' 
3.3 x 10'' 

0 

5.3 x 10-3 

7.8 x 10" 
I 

3.5 x 103 
6.0 x lo-' 

1.6 x 10' 

6.0 x 10' 
6.6 x lo5 

3.2 x 10' 
3.3 x 10' 
6.2 x 10" 
3.0 x 10' 
4.3 x 10' 
3.2 x 10' 

NA 
NA 

4.8 x 103 
4.7 x 10' 
4.9 x 10' 

4.4 x loJ 

4.7 x lo-' 

8.6 x 10' 
1.8 x lo4 
4.0 x 10' 
4.1 x 10" 

0 
1.4 x 10' 
4.3 x 10" 
1.6 x 10' 

4.4 107 

4.1 103 
7.0 x 103 
8.2 x 10' 
6.7 x 10' 
3.2 x 10' 
3.7 x 10' 
1.7 103 
1.3 x 10' 

NA 
NA 

2.0 x 10' 
2.5 x 10' 
9.1 x 10' 
1.7 x 10' 
5.9 x 10" 
2.1 x lo4 
2.1 x 10" 
6.3 x 10" 
5.3 x 10' 
2.8 x 10' 

0 
5.3 x 10' 
4.3 x 10' 
3.3 x 10' 
8.3 x 10' 

7.3 x 10' 
1.6 x 10' 
1.2 x lo4 

8.3 x 10' 
3.5 x 10' - 

6.8 x 10' 
7.8 x lo4 
1.5 x 10' 

3.6 x. 103 

3.6 x lo-' 

7.4 x lo-' 
2.8 x 10' 
4.7 x 10' 

1.2 x 10" 
3.3 103 

1.3 x 10-3 
4.1 x 10'' 
2.5 x 10' 

0 
0 

4.8 x 10" 
4.0 x 10" 
2.5 x 10' 
1.2 x 10-3 
1.3 x 10-3 

4.5 x 10-3 
0 

6.7 x 10' 
4.5 x 10' 
1.9 x 10'' 
8.3 x 10'' 
8.4 x 10" 
4.4 x 10" 

1.5 x 10' 
7.0 x 10' 
8.7 x 10' 
1.7 x 10" 

NA' 
6.2 x 10' 
9.2 x 10' 
8.7 x lo4 
8.1 x 10' 

NA 
0 

1.5 x 10' 
NA 

3.6 x 10" 
6.5 x 10" 

1.3 x 10' 
NA 
NA 

5.0 x 10' 
6.0 x 10" 

NA 
1.0 x 10' 

NA 

7.3 x 10' 
8.3 x 10" 
1.0 x 10' 
1.6 x lo4 

NA 
9.2 x 10' 
1.4 x 10" 
5.3 x 10' 
9.7 x lo2 

NA 
0 

2.2 x 10' 
NA 

6.8 x lo-' 

3.2 x 10' 

1.1 x 10' 
NA 
NA 

3.3 x 103 
5.6 x 10-3 

NA 
1.2 x 10' 

NA 

3.0 x 10' 
1.0 x 10' 
9.3 x 10' 
6.0 107 

NA 
6.7 x 10' 
1.5 x 10' 
2.2 x 10' 
5.7 x 10' 

NA 

0 

7.9 x 10' 
NA 

6.8 x lo-' 
2.1 x 10' 

2.9 x 10' 
NA 
NA 

4.0 x 10' 
1.7 x 10" 

NA 
4.8 x 10' 

NA 

1.6 x 10" 
1.2 x 10' 
9.6 x 10" 

NA 
NA 
NA 
NA 
NA 

1.3 x 10" 
1.7 x 10' 

0 
NA 
NA 
NA 

8.0 x 10' 
6.4 x 10' 
7.0 x io5 

NA 
NA 
NA 

2.8 x 10' 
NA 

2.8 x 10' 
NA 

6.5 x 10' 
1.4 x 10' 
8.9 x 10' 

NA 
NA 
NA 
NA 
NA 

7.6 x 10' 
2.4 x 10' 

0 

NA 
NA 
NA 

5.0 x 10' 
7.0 x 10' 
1.9 x 10' 

NA 
NA 
NA 

8.9 x IO" 
NA 

1.1 x 10' 
NA 

1.2 x 10' 
5.3 x 10' 
2.5 x 10' 

NA 
9.4 x 103 

NA 
NA 
NA 
NA 

6.0 x lo4 
0 

1.1 x 10' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2 x 10' 
NA 
NA 
NA 

2.0 x lo-' 
1.4 x 10' 
7.1 x 10" 

NA 
4.7 x 10" 

NA 
NA 
NA 
NA 
0 

0 

3.3 x lo-' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.7 x 10' 
NA 
NA 

NA 
NA NA 

7.0 x 10' 

2.0 x 10' 
2.4 x 10' 

NA 
2.8 x 10' 

NA 
NA 
NA 
NA 

2.7 x lo4 

0 

2.9 x 10' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.3 x 10' 
NA 
NA 
NA 
NA 

9.5 x lo-' 

9.1 x 10' 
NA 

1.6 x 10' 
NA 
NA 
NA 
NA 

3.0 x 10' 

9.5 x 1043 
0 

1.4 x 10" 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.5 x lo-' 
NA 
NA 
NA 
NA 

3.8 x IO' 
3.7 x 10' 
8.6 x 10' 

NA 
1.4 x IO" 

NA 
NA 
NA 
NA 

1.4 x 10" 
0 

5.0 x I O 2  
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1 x 10' 
NA 
NA 
NA 
NA 

SUM 4.8 x ioo 2.8 x id 7.9 x io' 3.8 x 10' 2.7 x 10' 6.5 x 10' 1.6 x 10' 2.5 x 10' 4.7 x loo 2.9 x 10' 13 x 10' 2.0 x l V  6.1 x 10' 6.1 x 10' 4.2 x 10' 4 . 0 . ~  10' 

'Hazard Indices calculated using intakes in Table E.III-44 and dose-response parameters in Table E.4-2. 
bHazard Indices calculated using intakes in Table E.III-47 and dose-response parameters in Table E.4-2. 
Wazard Indices calculated using intakes in Table E.III-50 and dose-response parameters in Table E.4-2. 
dHazard Indices calculated using intakes in Table E.III-53 and dose-response parameters in Tables E.4-2 and E.4-5. 
'Hazard Indices calculated-using intakes in Table E.III-56 and dose-response parameters in Tables E.4-2 and E.4-5. 

.(A - Not applicable 
@Includes exposed pit material. 

E-IV-2 1 



TABLE E.W-18 

Transfer Media>>>>>>> 
Air soil 

Expowuc Route>>>>>>> Ingestion 

Constituent 

Ingestion of of 
Vegetables/ Ingestion Ingestion Vegetables/ Ingestion Ingestion Incidental External Dermal 

Inhalation Fruit .of Meat of Milk Fruit of Meat ofMilk Ingestion Exposure Control 

ILCR FOR THE ON-PROPERTY RESIDENT FARMER (CT), F'UTURE LAND USE 
FUTURE SOURCE TERM 

Buried Pit 
Groundwater Material Surface Water 

Ingestion 
of Ingestion of 

Ingestion Ingestion Drinldng Vegetables/ Ingestion Ingestion Inhalation Dermal External 
ofMeat OBMilk Water Fruit ofMeat of Milk ofVOCs Contact Expo- 

Ce-137 + 1 dtr 

Np-237 + 1 dtr 

Pu-238 

Pu-239/240 

Ra-226 & Pb-210 + 2 &S 
Rn-222 + 4 dtr 
Sr-90 + 1 dtr 

Tc-99 

p-230 

Th-232 + 10 dtrs 
u-234 

U-235 + 1 & 

U-238 + 2 &a 

2.6 x 10" 

3.3 

9.8 1u7 
9.8 x lo' 

3.2 x l@ 

3.2 x lv 
8.0 x 10'" 

1.0 x lo' 
4.5 x lW 
7.4 x loJ 
5.8 x l@ 

5.0 x loJ 
1.6 x lo' 

5.4 x 109 

2.9 x lo' 
6.0~ 109 

6.6 x lo' 
5.1 x lob 

NA 

6.5 x 109 

1.8 x lo' 
2.2 x lob 
1.3 x lob 
4.0 1 0 7  

3.5 1 0 7  

9.6 10' 

1.ox lo' 
1.7 x 10" 

2.3 1013 

22 107 

5.3 x 10" 

NA 

4.1 x 10" 

1.1 x lo' 
2.8 x lv 
1.6 x 109 
4.6 x 109 

4.1 x 109 

1.1 x lo' 

1.4 x lo' 
6.2 x 10" 

-1.8 x 10" 

4.3 x 10" 

1.6 x lob 
NA 

8.2 x 109 

5.3 x lo' 
9.3 x 10-9 

5.3 x la9 

5.5 x lo' 
4.9 x lo' 
1.3 10' 

7.0 x lo' 
9.0 x lo' 
3.1 x 10" 

1.1 x 10'0 

9.4 x lo' 
NA 

1.3 x lob 

1.4 x lob 

6.8 x l@ 

5.3 x 109 

3.0 107 

3.7 x lo' 
2.2 x lob 

3.1 107 

4.2 x l@ 

2.6 x 10" 

9.7 x 10" 

2.8 x lo' 
NA 

2.8 107 

5.6 x lob 
3.9 x 10"' 

2.9 x 10" 

2.2 x lo' 
2.6 x 109 
1.5 107 

4.2 1 0 7  

1.5 x 10-9 

2.2 x 10" 

7.8 1 0 1 3  

2.0 io-' 
NA 

5.8 x 104 

27 x loJ 
1.3 x lo* 

1.0 x 10-9 

2.6 1 0 7  

3.0 x loJ 
1.8 x lo4 

5.9 x lP 
2.9 107 

2.8 107 

6.2 x lo' 

1.7 x 10s 

NA 

5.0 x lo' 
1.0~ 107 

9.2 x lob 

4.8 x lob 
2.1 x lob 

2.6 107 

7.8 x lob 

3.7 x loJ 
5.2 x lo" 
7.0 x 10" 

2.9 x ioIo 
1.2 x 10s 

NA 

0 

4.3 x 10'O 

3.4 10' 

21 x las 

3.5 x lo' 
3.3 x 10s 

8.9 x le 

NA' 1.9 107 

NA NA 

NA NA 

NA NA 

NA 3.0 x 10" 

NA NA 

NA 1.7 x 109 

NA 1.0 107 

NA 9.2 1014 

NA NA 

NA 1.4 x lo' 
NA 8.0 x 10" 

NA 5.9 x lo' 

3.4 x 10' 

NA 

NA 

NA 

26x la9 
NA 

4.0 x lo' 
5.9 107 

3.6 x 10" 

NA 

21 iu7 

8.4 10' 

1.1 x lo' 

9.2 x 10" 

9.9 x lo' 
NA 

4.8 x lob 

NA 

5.8 x 10" 

7.2 x lo' 
4.6 x lo' 

NA 

4.8 x 10s 
1.1 x 10s 

4.2 x lo' 
4.8 x lv 

26 x 10" 

2.6 x lo' 
NA 

1.5 x lob 

NA 

2.2 x 

2.1 x lo' 
1.3 x lo' 

NA 

1.3 x 10s 
3.0 x lob 

1.1 x lo' 

1.3 x lo' 

9.9 x 1014 

5.3 x 10" 

NA 

3.0 x lo' 

' NA 

7.9 x 10" 

8.7 x 109 

3.4 x 10" 

NA 

I 

1.0 io7 

8.7 10 7  

2.2 x lo' 

1.0 x lob 

3.7 1 ~ ~ 4  

4.4 101' 

2.2 io7 
NA 

NA 

1.6 x 10" 

4.2 x lo' 
1.2 x 10" 

NA 

1.3 x lob 
2.9 io7 
1.1 x 10s 

1.3 x 10s 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
~~ ~~~ ~ ~~ ~ ___ ~~ ~ ~ _ _ _ _ _ _ _  ~ 

8.7 x lo4 1.0 x lod 2.7 x lo7 1.9 x 10' 5.5 x 10' 6.4 x 10' 3.6 x lod 4.2 x lod 3.5 x loJ NA 3.7 x 1 0 7  20  io4 NA NA NA NA NA NA 1.6 x lo4 

Chemleal 

AIBCNC 

Benzene 

Beryllium 

cadmium 

3.0~ lo' 4.7 x lo' 1.4 x lo' 1.7 x 10s 2.5~ lob 3.1 x lob 3.6~ 10'' 7.7~ lo' NA 5.9~ lob 4.3 x lo7 5.2 x lo' 2.0X 10' 6.8 X lo' 1.1 X lo' 1.3 X l@ 0 5.1 x 104 NA 

NA NA NA NA NA NA NA NA NA NA 3.2 x 10" 4.4 x 10" NA NA NA NA NA NA NA 

1.3 x lc7 8.6 x lo7 1.7 x lU7 6.4 x 10" 2.4 x lob 2.4 x lo7 8.6 x 10" 2.0 x lob Nk 1.5 x 10s NA NA NA NA NA NA NA NA NA 

1.7 x lo'' 0 0 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Chromium 7.8 x lob 0 0 0 NA NA NA NA NA NA NA NA NA NA . NA NA NA NA NA 

Nickel 2.3 x 10' 0 0 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Aroclor- 1x8 ' 0 2.4 x lo-' 2.1 x 10' 2.6 x la7 NA NA NA 4.4 x 10' NA 1.2~ 10' ' NA NA NA NA NA NA NA NA NA 

Aroclor- 1254 0 2.2 1 0 7  6.9 5.9x io7 8.5 x io6 5.3 IOJ 4.5 104 1.5 lob NA 4.5 x lob NA NA NA NA NA NA NA NA NA 

Baum(a)anthraccneb 3.0 x 1010 4.4 109 2.5 x 109 3.3 x 109 NA NA NA 7.7 x 109 NA 0 NA NA NA NA NA NA NA NA NA 

2.2 x io4 3.3 io1 4.7 107 6.0 10 7  NA NA NA 3.9 x lo' NA 0 NA NA NA NA NA NA NA NA NA 



TABLE E.IV-18 
(CONTINUED) 

Ingestion 
of Milk 

i 

Buried Pit 
Material soil Surface Water Groundwater 

Ingestion Ingestion 
of of Ingestion of 

Vegetable4 Ingestion Ingestion Incidental External Dermal Ingestion Ingestion Dxinking Vegetable4 Ingestion Ingestion Inhalation Dermal External 
FNit ofMcat of Milk Ingestion Exposure Control of Meat ofMilk Water Fruit ofMeat &Milk ofVOCs Contact 

Air 

Constituent 1 Inhalation 

Bcnzo(b)fluorantheneb 

Bcnzo(g,h,i)peryleneb 

Chryseneb 

Inden4 1 ,2.3-cd)pyreneb 

Pentachlorophenol 

Tetrachlorocthene 

2,3,7,8-TCDF 

HpCDD 

HpCDF 

HxCDD 

E 
OCDF 

~ ~~~ 

4.0 x lo-" 
0 

9.4 x lcr" 

2.2 x 10'O 

0 

1.2 x 10.12 

0 

0 

0 

0 

0 

0 

0 

Ingestion of 
Vegetables/ 

Fruit 

5.3 x 1@l0 

0 

1.3 x 10" 

2.8 x 10-9 

1.8 x 109 

4.1 x l @ I o  

3.2 x lo' 

5.1 x lo' 

1.4 x lo' 

4.1 x 101 

4.2 x lo' 

2.0 x lo' 

1.2 x 109 

Ingestion 
of Meat 

2.8 x 109 

0 

8.0 x 10" 

1.8 x 10' 

2.5 x 10'0 

1.8 x 10'' 

3.9 x 10' 

6.2 x 10' 

1.6 x 10' 

5.0 x lcr' 

5.3 x 10' 

2.4 x 10' 

1.5 x lo' 

0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

9.9 x 18" NA NA NA 2.3 x 10'O NA 0 NA NA NA NA NA NA NA NA NA 

2.2 x 10' NA NA NA 5.ox lop NA 0 NA NA NA NA NA NA NA NA NA 

3.2 x 10'0 NA NA NA 3 . 0 ~  109 NA 2.4 x loJ NA NA NA NA NA NA NA NA NA 

2.3 x 1W" NA NA NA 2.0 x 109 NA 6.3 x 109 NA NA NA NA NA NA NA NA NA 

7.4 x 10' NA NA NA 5.9 x lo' NA 8.4 x 10' NA NA NA NA NA NA NA NA NA 

1.2 x lob NA NA NA 6.2 x lo' NA 9.0 x 10' NA NA NA NA NA NA NA , NA NA 

3.2 x 10' NA NA NA NA 3.9 x lcr' NA NA NA NA NA NA NA NA NA 2.6 x lo' 

9.6 x l@' NA NA NA NA 1.3 x lob NA NA NA NA NA NA NA NA NA 8.9 x lo' 

1.0 x lob NA NA NA 7.8 x lo' NA NA NA NA NA NA NA NA NA NA 1.1 x lob 

4.8 x 10' NA NA NA 3.8 x lo' NA 5.4 x 10' NA NA NA NA NA NA NA NA NA 

2.8 x 101 NA NA NA 2.1 x lop NA 3.3 x lo' NA NA NA NA NA NA NA NA NA 

SUM (TEF for PAHs)' 3.1 x lo4 47 x lo4 1.4 x 10'' 23 x 10' NA NA NA 7.7 x 10" NA 1.6 x 10'' NA NA NA NA NA NA NA NA NA 

SUM map  PO^ PAHSY 3.1 x 10'' 4.7 x 10'' 1.4 x 10" 2.3 x 10' NA NA NA 7.7 x 10" NA 1.6 x 10" NA NA NA NA NA NA NA NA NA 

NA 5.1 X 10' SUM 1.3 x 10' 5.6 x 10' 45 x lod 43 x 10' 5.2 x 10* 20 X 10' 6.8 X 10'' 1.1 X 10'' 1.3 X 10' 0 

'NA - Not applicable. 
bRisks calculated for PAHs based on TEP approach. Totals calculated for both TEP and BaP approach. 
msks calculated using intakes from Table E.III-60 and dose-response parameters from Table E.4-1. 
Wsks calculated using intakes fram Table E.III-63 and dose-response parameters from Table E.4-1. 
aisks calculated using intakes from Table E.III-69 and dose-response parametera from Table E.4- 1. 
'Risks calculated using intakes &om Table E.III-66 and dosc-response parameters from Table E.4-1. 
'Risks calculated using intakes frm Table E.III-72 and dose-response parameters from Table E.4-1. 
bRisks calculated for this cxposurc pathway arc presented in Table EN-33. 
'Risks calculated using intakes from Table E.III-61 and dose-response parameters from Table E.4-2. 
kisks calculated using intakes from Table E.III-64 and dose-response parameters from Table E.4-2. 
%sks calculated using intakes from Table E.III-70 and dose-response parameters frm Table EA-2. 
'Risks calculated using intakes from Table E.III-67 and dose-response parameters &om Table E.4-2. 
"Risks calculated using intakes from Table E.m-73 and dose-response parameters from Table E.4-2. 
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TABLE E N - 1 9  

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 
~ 

HAZARD QUOTENTS FOR THE ON-PROPERTY FARMER (CT), FWTURE LAND USE 
FUTURE SOURCE TERM 

~ 

Groundwater Air soil * S h c e  Water 

Ingestion Dermal Ingestion Ingestion Ingestion of Ingestion of Ingestion Ingestion Incidental Dermal Ingestion of Ingestion Ingestion Ingestion Ingestion of Drinking Contact While 
Inhalation Vegetablepruit of Meat of Milk Ingestion Contact VegetablesPmit of Meat of Milk of Meat of Milk Water Bathing VegetablesPruits of Meat of Milk 

~ 

4 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chomium 
cobalt 

Copper 
Cyanide 

E:ganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Uranium 
Vanadium 
zinc 

Pentachloropbenol 
Tetrachloroethene 

0 

0 

5.9 x lo-' 

0 

2.0 x 104 
0 

0 

1.1 x 1 6  
0 

0 

0 

1.2 x 1 6  
2.9 x loa 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NA 
NA 

2.4 x 10" 
7.0 x 10' 
3.4 x 10' 
3.2 x lo4 
1.4 x lo4 

2.4 x 10' 
5.2 x 10' 
8.5 x 10' 
3.2 x 10" 
9.5 x lod 

0 

2.1 x lo2 

1.1 103 
8.4 103 

2.6 103 
6.5 x 10' 

2.4 x 10' 
2.3 x lo-' 

3.2 x 10' 
1.4 x lo? 

8.4 x 10" 
1.3 x 10' 

NA 
NA 

5.8 x lo3 
2.0 x 10' 

6.2 x lo5 

3.1 x 10" 
3.4 x lo3 

2.7 x io5 

4.2 10-3 
2.3 x lo4 

4.9 x lod 
1.7 x 10'' 

0 

2.0 103 

8.2 103 

3.4 x 103 
1.6 10-3 

3.2 x 10" 

3.2 x lo3 

1.7 x lo-' 

3.2 x lo4 
1.6 x 10' 
2.9 x lo2 
1.7 x lo-' 

NA 
NA 

2.5 x lo3 
2.4 x 10' 
2.6 x 10' 
2.2 10' 
2.3 x 10' 
2.5 x 10' 
4.4 103 
9.5 103 
2.1 x 10" 
2.2 x 10" 

0 

7.0 x io5 

8.2 x 103 
2.2 103 
3.6 103 

2.3 x lo4 

4.4 x 10" 
3.5 x 10" 
1.6 x 105 
1.9 x 10' 
9.1 x lo4 
6.7 x lo2 

NA 
NA 

8.5 x lo5 
1.1 x 10' 
4.0 x 10' 
7.3 x lo4 
2.6 x lo4 

9.3 x lo3 
2.7 x lo4 
2.4 x 10' 
1.2 x 10' 

0 

2.3 x 10' 

9.6 x 103 

1.9 x lo3 
1.5 x 10' 
3.7 x lo3 

3.1 103 
1.6 x 10' 

7.1 x 10" 
5.2 x 10' 
3.6 x 10' 
1.5 x 10' 
3.3 x lo4 

6.7 x lo4 

2.9 x 10' 

4.1 x 10" 
8.4 x lo-' 
3.2 x lo3 
5.4 x 10" 
3.8 x lo4 
1.4 x 10' 

4.4 x 10' 
2.9 x lo4 

0 

0 

5.5 x 10' 
4.5 x lo3 

1.5 x 103 

2.8 io-3 

1.3 x lo4 

1.5 x lo4 

0 

7.7 x 10" 
1.3 x 10' 
2.2 x 10' 
9.5 x 10' 

0 
9.4 x lo5 

5.1 x 10-3 

7.3 x 10' 
3.7 x lo-' 

4.4 x lo5 

8.6 x 10' 
NA' 

3.1 x 10' 
4.6 x lo3 
4.3 x lo4 
4.1 x lo2 

NA 
0 

7.1 x 10' 
NA 

1.9 x lo2 

3.2 x lo5 

NA 
6.4 x 10' 

NA 
NA 

2.5 x 10' 
3.0 x io5 
5.0 x 10.' 

NA 
NA 

3.7 x 10' 
4.3 x lo2 
5.3 x lo4 
8.6 x 10' 

NA 
4.8 x 10" 
7.4 x lo3 
2.8 x io5 
5.1 x 10' 

NA 

0 

1.1 x 10' 
NA 

3.5 x 10' 
1.6 x 10" 

NA 
5.7 x 10" 

NA 
NA 

1.7 x lo3 
2.9 103 
6.3 x 10' 

NA 
NA 

1.5 x 10' 
5.3 x lo3 

4.9 x IOJ 
3.0 10-7 

NA 
3.5 x lo-' 
8.0 x lo3 
1.1 10-3 
3.0 x 10" 

NA 

0 

3.9 x 10" 
NA 

3.5 x 10' 
1.1 x 10' 

NA 
1.6 x 10' 

NA 
NA 

2.1 x 10' 
9.3 x lo5 
2.5 x 10' 

NA 
NA 

3.5 x lo3 
7.3 x lo4 
4.7 x lo3 

NA 

NA. 
NA 
NA 
NA 

4.1 x 10' 
1.3 x loa 

0 
NA 
NA 
NA 

2.8 x lo3 
3.6 x io5 
9.8 x 10" 

NA 
NA 
NA 

4.7 x lo4 
5.7 x 10' 

NA 
NA 

8.5 x lo3 

6.0 x 10' 
5.0 x lo4 

NA 
NA 
NA 
NA 
NA 

6.8 x lW3 
9.0 x 109 

0 

NA 
NA 
NA 

4.1 x 10-3 
3.4 x lo3 
3.6 1 0 3  

NA 
NA 
NA 

1.4 x lo-' 
1.5 x 10' 

NA 
NA 

6.6 x 10' 
2.9 x 10' 
1.4 x lo-' 

NA 
5.1 x lo3 

NA 
NA 
NA 
NA 

3.2 x lo4 

0 

6.2 x 10' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.3 x 10' 
NA 
NA 
NA 
NA 

I 

1.1 x lo-' 

7.4 x 10' 
3.8 x lo4 

NA 
2.4 x LO4 

NA 
NA 
NA 
NA 

' 0  

0 

1.8 x lo-' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1 x 10'' 
NA 
NA 
NA 

, NA 

3.5 x 10' 
1.0 x 10' 
1.2 x 10' 

NA 
1.4 x lo3 

NA 
NA 
NA 
NA 

1.4 x lo4 

0 

1.5 x 10' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7 x 10' 
NA 
NA 

' NA 
NA 

5.0 x 10" 
1.6 x 10' 
4.7 x lo3 

NA 
8.2 x lo4 

NA 
NA 
NA 
NA 

4.9 1 0 1 3  

7.0 103 
0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3 x lo-' 
NA 
NA 
NA 
NA 

2.0 x 10' 
1.9 x lo-' 
4.4 x 10" 

NA 
7.3 x 10' 

NA 
NA 
NA 

NA 
7.0 x 10-1~ 

0 
2.6 x lo3 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6 x 10' 
NA 
NA 

NA 
NA 

2.2 x 10' 2.1 x loe 3.1 x 10' SUM 2.9 x 10' 15 x Id 4.0 x 10' 1.9 x 10' 1.2 x 10' 1.5 x 10' 1.7 x 10' 13 x 10' 2.5 x 10' 6.9 x 10" 1.5 x 10' 1.0 x lo2 3.4 x 10' 

'NA - Not applicable. 
bHazard indices calculated using intakes in Table E.m-64 and dose-response parameters in Table E.4-2. 
'Hazard indices calculated using intakes in Table E.III-71 and dose-response parameten in Table E.4-2. 
dHazard indices calculated using intakes in Table E.II1-65 and dose-response parameters in Table E.4-2. 
azard indices calculated using intakes in Table E.m-68 and dose-response parameters in Table E.4-2. 

clused exposed pit material. 
indices calculated using intakes in Table E.III-74 and dose-response parameters in Table E.4-2. 
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a 

Ingestion 
of Milk 

Transfer Media>>>>>>> 
Air 

Exposure Route>>>>>>> 

Vegetable/ Ingestion Ingestion 
Inhalation Fruit of Meat of Milk Constituent 

Ingestion 
of 

Ingestion Dennal 
Contact 

Drinking While Inhalation Vegetables/ Ingestion Ingestion Entemal 
of 

Waier Bathing of VOCs Fruits of Meat O f M i l k  Exposure 

TABLE E N - 2 0  

ILCR FOR THE ON-PROPERTY RESIDENT CHILD, FUTURE LAND USE 
F'UTURE SOURCE TERM 

I I I 

Ingestion 

Ingestion Exposure Contact 

I Surfacewater I 
Ingestion I I Ingestion 

of Meat of Meat 

Groundwater 
Buried Pit I Materials 

Cs-137 + 1 dtr 

Np237 + 1 dtr 

h-238 

h-239/240 

6.4 x 10" 6.0 x 109 4.9 x 109 5.3 x lo4 5.6 x lo' 2.9 x loJ NA'. 7.8 x lo' 1.5 x 10' 1.7 x lob 9.5 x lo' 1.3 x lob NA NA NA NA NA NA 

7.9 x lo' 3.2 x lo' 8.4 x 10" 2.4 x 10" 2.6 x 10' 3.9 x lod NA 9.9 x lo' 2.0 x 109 5.7 x lop NA NA 7.7 x 1 0 I l  NA NA 3.1 x 10" 4.8 x 10'' 1.4 x lo-'' 
2.4 x 10' 6.7 x 109 1.1 x 10" 6.9 x 10" 5.8 x lo' 5.5 x 10" NA 3.5 x 10"' 1.3 x 10" 8.4 x 10" NA NA 8.4 x lo' NA NA 3.1 x 10" 2.6 x l @ I 3  1.7 x 10" 

2.4 x 10' 7.2 x lo" 2.6 x 10'* 1.6 x 10" 2.5 x 10' 2.2 x 10" NA 1.2 x 10"' 4.8 x 10'' 3.0 x 10" NA NA NA NA NA c NA NA NA 

Ra-226 & Pb-210 + 2 dtrs 7.8 x lo4 

Rn-222 + 4 dtrs 7.8 x lob 

Sr-90 + 1 dtr 2.0 x 10-1° 

bc-99 2.4 x 10-9 

nl-230 1.1 x lP 

nl-232 + 10 dtrs 1.8 x l@ 

u-234 1.4 x lo-' 

U-235 + 1 dtr 1.2 x 1 w  

U-238 + 2 dtrs 3.9 x lo-' 

5.7 x lo4 

NA' 

7.2 x 109 

2.0x lo" 

2.5 x lo4 

1.4 x lob 

4.4 x 10' 

3.9 x 10' 

1.1 x lob 

1.1 x lo'', 

NA 

2.0 x 

5.6 x 109 

1.4 x 10-9 

7.9 x 10'0 

2.3 x lop 
2.0 x lop 

5.5 x lop 

6.1 x lo4 

NA 

3.1 x lod 

2.0 x 10' 

3.6 x lo4 
2.0 x 104 

2.1 x 10' 

1.9 x 10-7 

5.1 x 10.' 

1.6 x le 

NA 

4.7 x loJ 
9.9 x l0-J 

8.7 x lod 

4.4 x lob 

1.9 x lod 
2.4 x 10' 

7.3 x lob 

9.2 x lo4 
NA 

0 

3.4 x 

2.7 x 10' 

1.6 103 

2.7 x 10' 

2.6 x loJ 

7.0 x loJ 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.0 x 10' 

NA 

1.4 x lob 

1.6 x lob 

7.5 x 10-9 

5.8 x 109 

3.4 x 10' 

4.2 x lo' 

2.4 x lob 

1.4 x lo' 

NA 

1.4 x 10' 

2.7 x lob 

2.0 x 10l0 

1.4 x 10'" 

1.1 x lo' 

1.3 1 0 9  

7.6 x lo '  

7.8 x 10' 

NA 

2.2 x loJ 
1.0 x 1 w  

4.9 x 10-9 

3.9 x 109 

9.9 x 10' 

1.2 x 10' 

7.0 x lod 

1.5 x 18"' 

NA 

8.6 x 10" 

5.1 x lo' 

4.6 1 0 1 4  

NA 

6.9 x 10' 

3.8 x 10'" 

2.8 x lo4 

1.0 x lo' 

NA 

1.5 x 10' 

.2.2 x lob 

1.4 x 10" 

NA 

7.8 x 10' 

4.2 x lo' 

3.4 x lob 

4.1 x lod 
NA 

5.0 x 10" 

6.1 x lo' 

3.8 x lo' 

NA 

4.2 x 10s 

9.4 x lob 

3.4 x 104 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.6 x 10' 

NA 

2.4 x 10" 

2.2 x 10" 

1.4 x 10" 

NA 

1.5 x 10' 

3.4 x lod 

1.3 x lo4 

1.5 x lo-' 

NA 

4.0 x 10" 

4.3 109 

1.7 x 10" 

NA 

5.1 x 10' 

1.1 x lo-' 

4.2 x 10.' 

8.6 x 

NA 

6.1 x 10" 

1.6 1 0 7  

4.4 x 10" 

4.8 x lo4 

1.1 x lob 

4.2 x l@ 

S U M  2.1 x lo4 1.2 x 10' 1.3 x 10' 7.5 x lod 3.9 x 10' 2.6 x lo3 NA 6.1 x lo4 3.1 x 10' 1.3 x 10' 1.8 x 10' 7.9 x 10' 40 x 10' NA NA 1.5 104 5.0 1 0 7  49  104 2.4 1 0 7  

Chemical ( 4  (dl ( 4  ( 4  (g) (g) (h) 01) 01) (i) (i) (1) 0) 0) 0) 0) 
1 

Arsenic 3.5 x lo4 2.5 x 10' 3.2 x l@ 3.1 x lo4 6.1 x 10' NA 5.7 x 10' 1.3 x 1oJ 7.0 x lob 6.5 x lo4 9.9 x 10'' 9.2 x 10' 8.1 x lo' 1.4 x lo-' 0 3.6 x 2.5 x l@ 2.3 x lo4 NA 

Benzene NA NA NA NA NA NA NA NA NA NA 7.5 x lo-" 7.5 x 10" NA NA NA NA NA NA NA 

Beryllium 1.5 x 10' 4.3 x lob 4.0 x 10' 1.1 x lo4 1.6 x lv NA 1.5 x 104 1.2 x lob 5.6 x lo7 1.5 x lo' NA NA NA NA NA NA NA NA NA 

Cadmium 2.0 x 10' 0 0 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Chromium 9.0 x lob 0 0 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Nickel 2.6 x lo-' 0 0 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Aroclor- 1248 0 1.9 io' 7.3 109 7.2 io' 3.4 lob NA 1.2 1 0 5  NA NA NA NA NA NA NA NA NA NA NA NA 

Aroclor- 1254 0 1.8 x 10" 2.3 x 10' 1.7 x 10.' 1.2 x l@ NA 4.4 x 10' 4.4 x lo' 1.2 x 104 7.7 x lo' NA NA NA NA NA NA NA NA NA" 

Benzo(a)anthraceneb 3.5 x 10"' 2.2 x lo' 5.8 x lU9 5.8 x 10" 6.1 x lo '  NA 0 NA NA NA NA NA NA NA NA NA NA NA NA 

FER/oU I R ~ . I 2 2 9 E l V . 2 0 / 1 0 ~  I -93 8:2l am 
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TABLE EN-20 
(CONTINUED) 

Ingestion 
of Milk 

I 
~- ~ 

Buried Pit 
Surface Water Groundwater Materials 

Ingestion Dermal Ingestion 
of Contact of 

Ingestion Ingestion Drinking While Inhalation Vegetable4 Ingestion Ingestion External 
of Meat of Milk Water Bathing of VOCs Fruits of Meat O f M i l k  Expofllrc 

soil 

Exposure Route>>>>>>> Ingestion 
of 

Vegetable/ Ingestion Ingestion 
Inhalation Fruit of Meat of Milk Constituent 

Ingestion . 
of 

Incidental External Dermal Vegetables/ Ingestion 
of Meat Ingestion Exposure Contact Fruit 

Benzo(a)pyrene 

Bcnzo(b)fluorantheneb 

Benzo(g,hj)peryleneb 

-seneb 

Indeno(l,2,3td)pyreneb 

Pentachlorophenol 

Tetrachloroethene 

2.3,7,8 -TCDF 

HpCDD 

HpCDF 

)HxCDD 

HxCDF 

OCDD 

OCDF 

25x lo' 

4.5 x 10" 

0 

1.1 x 10-11 

2.4 x 10" 

0 

1.1 x 10'2 

0 

0 

0 

0 

0 

0 

0 

1.7 x lab 

2.7 x 109 

0 

6.7 x 1@'" 

1.4 x l@ 

9.0 x 109 

2.1 x 109 

1.7 x 10' 

2.6 x l@' 

7.1 x lo4 

2.1 x lob 

2.3 x 10' 

1.0 x 10' 

6.2 x 109 

1.1 x lob 

6.5 x 109 

0 

1.8 x l 0 ' O  

4.2 x l@' 

5.9 x 1 0 ' O  

4.1 1 ~ 3  

8.9 x 10' 

1.4 x lob 

3.9 x 10' 

1.2 x lob 

1.2 x lo4 

5.7 x 10' 

3.5 x loJ 

1.1 x loJ 3.1 x 1@' NA 0 NA NA 

6.4 x lo4 7.7 x lo' NA 0 NA NA 

0 NA NA NA NA NA 

1.8 x 10" 1.8 x 109 NA 0 NA NA 

1.5 x lo4 4.0 x lo' NA 0 NA NA 

5.8 x 10" 2.4 x lo' NA 2.4 107 NA NA 

4.1 x 10" 1.7 x lo' NA 6.4 x lP NA NA 

1.3 x loJ 4.6 x lo7 NA 8.4 x lob NA NA 

2.1 103 4.8 107 NA 8.7 x lob NA NA 

5.7 104 21 1 0 7  NA 3.6 x lob NA NA 

1.7 x loJ 7.1 x 10' NA 1.3 x lo-' NA NA 

1.8 x loJ 6.2 x lo7 NA 1.1 x lo-' NA NA 

8.4 x lo4 2.9 x 10' NA 5.4 x lob NA NA 

5.1 x 10' 1.7 x lo' NA 3.0 1 0 7  NA NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
I 

NA 
NA 

NA 

NA 

NA 

NA 

I 

N 4  
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

.NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
~ ~ ~ ~~ ~~~ ~~~ ~~ 

SUM (TEF for PAHS)~ 3.6 x lo4 2 5  x 10' 3.3 x 10'' 4.1 x 10'' 6.1 x 10' NA 3.1 x 10'' NA NA NA NA NA NA NA NA NA NA NA NA 

SUM (BaP for PAHS)~ 3.6 x lo4 2.5 x loJ 3.3 x 10'' 41 x 10'' 6.1 x 10' NA 3.1 x lo4 NA NA NA NA NA NA NA NA NA NA NA NA 

SUM NA NA NA NA NA NA NA 5.8 x lod 1.3 x 10'' 7.8 x 10" 9.9 x lo7 9.2 x lo7 8.1 X 10' 1.4 X 10' 0 3.6 X loJ 2.5 X 10'' 2.3 X lo4 NA 

'NA - Not applicable. 
%sks for PAHs calculated using TEP approach. Totals calculated based on both the TEP and BaP approach. 
'Risks calculated using intakes from Table E.m-78 and dose-response parameters in Table E.4-1. 
dRisks calculated using intakes from Table E.m-79 and dose-response parameters in Table E.4-2. 
'Risks calculated using intakes from Table E.m-87 and dose-response parameters in Table E.4-1. 
'Risks calculated using intakes from Table E.III-81 and dose-response parameters in Table E.4-2. 
'Risks calculated using intakes from Table E.m-88 and dose-response parameters in Table E.4-2. 
%ks calculated using intakes from Table E.m-82 and dose-response parameters in Table E.4-2. 
%sks calculated using intakes kom Table E.m-84 and dose-response parameters in Table E.4-1. 
%sks calculated using intakes from Table E.m-85 and dose-response parameters in Table E.4-2. 
'Risks calculated using intakes fran Table E.lII-90 and dose-response parameters in Table E.4-1. 
'Risks calculated using intakes from Table E.m-91 and dose-response parameters in Table E.4-2. 
"Risks calculated for this exposure pathway are presented in Table EN-35. 
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TABLE E.IV-21 

HAZARD QUOTIENTS FOR THE ON-PROPERTY RESIDENT CHILD, FUTURE LAND USE 
FUTURE SOURCE TERM 

Ingestion 
of 

Vegetable/ 
Fruit 

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Inhalation Constituent 

Chemical 0 

Ingestion Ingestion Incidental 
of Meat of Milk Ingestion 

Air soil ! 
I I I I 1 I 

Ingestion 
of 

Vegetables/ 
Fruit 

Ingestion Ingestion 
ofMeat of- 

Dermal 
Contact 

Ingestion 
of Meat 

Ingestion 
ofMilk 

I I I I 1 I 

Surface Water 

7- 
I 

Groundwater 
~ 

Ingestion Dermal 
Contact 

Drinking While 
Water Bathiag 

of 

~~~ 

Ingestion 
of 

Vegetables/ Fruits Ingestion of Meat Ingestion of Milk 
of vocs 

Antimony 

h n i C  

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

)cobalt 

Copper 
Cyanide 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

UraniUm 

Vanadium 

0 

0 

1.0 x loo 

0 

3.5 x lo4 

0 

0 

1.8 x 100 

0 

0 

0 

2.0 x lo" 

4.9 x 10-3 

0 

0 

0 

0 

0 

0 

0 

0 

1.8 x lo-' 

5.3 x 10' 

2.7 x lo-' 

2.4 10-3 

1.1 x 10-3 

1.9 x 10' 

4.0 x 10" 

6.5 x lo4 

2.4 x 10' 

7.5 x loJ 

0 

1.6 x lo-' 

8.7 x loJ 

6.4 x lo-' 

5.0 x 10.' 

2.0 x 10" 

1.8 x 10' 

1.8 x 10' 

2.5 x io4 
1.1 x io3 

6.6 x lo-' 

2.1 x 10.' 

7.0 x 10' 

6.5 x 10' 

6.3 x 10' 

9.4 x io5 

2.2 x io4 

6.9 x 10-1 

6.0 x io4 
1.1 x loJ 

1.2 x lo-' 

1.4 x lo3 

8.2 x lo4 

1.2 x 10' 

6.0 x 10" 

6.2 x lo4 

6.6 x lo-' 

1.2 x lo-' 

2.5 x 10' 

5.4 x lo-' 

5.5 x 10'' 

0 0 

6.9 x 103 1.9 101 

1.1 x io1 6.0 x 103 

2.8 x 10' 

1.1 x 10' 

1.2 x 10' 

5.6 x lo3 

6.0 x 10' 

2.2 x lo-' 

6.0 x 10' 

9.8 x 10' 

1.2 x 10' 

9.3 x 10' 

1.1 x 105 4.3 104 

5.3 x 10' 

9.9 x 10' 

5.0 x IO' 

2.4 x lo-' 

1.0 x 10' 

1.3 x 10' 

4.7 x 10" 

8.7 x 10-3 

3.1 10-3 

1.1 x 10" 

1.1 x lo-' 

3.3 x lo= 

2.7 x lo-' 

1.4 x lo4 

0 

2.7 x lo-' 

2.2 x IO' 

1.8 x 10' 

4.4 x 10' 

1.9 x lo-' 

3.7 x 10" 

8.4 x 10" 

6.2 x lo4 

4.2 x 10' 

1.8 x 10' 

6.0 x 10' 

1.3 x 10' 

4.7 x 10' 

7.8 x 10' 

5.6 x 103 

2.0 x 10' 

2.2 x loz 

6.7 x lo4 

4.2 103 

0 

0 

8.1 x lo-' 

6.7 x 10'' 

4.2 x 10'' 

2.0 10-3 

2.2 x 103 

0 

7.7 x 10' 

1.1 x lo4 

7.3 x 10' 

3.1 x 10' 

5.8 x 10' 

2.7 x 10'' 

3.4 x 10' 

6.6 x lo4 

NA' 

2.4 x 10' 

3.6 x 10' 

3.3 x 10' 

3.2 x 10' 

NA 

0 

5.7 x 10' 

NA 

1.4 x 10' 

2.5 x 10' 

NA 

5.0 x lo-' 

NA 

NA 

1.9 x 10' 

2.3 x lo-' 

1.3 x 10' 

1.5 x lo-' 

1.9 103 

3.0 x lo4 

NA 

1.7 x 1 0 '  

2.6 x 10' 

9.7 x loJ 

1.8 x 10' 

NA 

0 

3.9 x 10' 

NA 

1.2 x lo-' 

5.5 x lo-' 

NA 

2.0 x 10' 

NA 

NA 

6.0 x 10' 

1.0 x lo* 

4.0 x 10'' 

1.4 x 10' 

1.3 x 10' 

8.2 x lo4 

NA 

9.3 x loo 

2.2 x 10' 

3.0 x 10" 

8.1 x lo-' 

NA 

0 

1.1 x 10' 

NA 

9.6 x 10' 

3.0 x 10' 

NA 

4.2 x 10' 

NA 

NA 

2.7 x 10' 

2.4 103 

3.0 x 10" 

2.1 x 10' 

1.7 x lo3 

NA 

NA 

NA 

NA 

NA 

2.3 x lo-' 

3.1 x lo4 

0 

NA 

NA 

NA 

1.4 x 10' 

1.2 103 

1.3 x 10' 

NA 

NA 

NA 

5.1 x 10' 

9.3 x 10' 

2.0 x 10' 

1.2 x 10' 

NA 

NA 

NA 

NA 

NA 

1.1 x 10' 

3.4 107 

0 

NA 

NA 

NA 

7.5 x 10" 

9.8 x 10' 

1.3 x lo2 

NA 

NA 

NA 

1.3 x 10" 

3.9 x 10' 

1.7 x lo2 

8.3 x lo-' 

NA 

3.1 x lo-' 

NA 

NA 

NA 

NA 

1.9 x loJ 

0 

3.7 x 10' 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3.8 x 10' 

NA 

4.5 x 10' 

3.1 x 10' 

1.6 103 

NA 

1.0 x loJ 

NA 

NA 

NA 

NA 

0 

0 

4.9 x lo4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.3 x 10' 

NA 

6.8 x 10" 

7.7 x 10' 

9.3 x lo-' 

NA 

1.1 x lo-' 

NA 

NA 

NA 

NA 

1.1 x 10' 

0 

1.1 x loo 

NA 

I NA 

NA 

NA 

NA 

NA 

' NA 

1.3 x 10' 

' NA 

2.8 x 10' 

5.3 x loo 

1.7 x 10" 

NA 

2.9 x loJ 

NA 

NA 

NA 

NA 

1.7 x 10'' 

0 

2.6 x lo-' 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4.3 x lo-' 

NA 

5.3 x loo 

5.0 x loo 

1.2 x 10' 

NA 

2.0 103 

NA 

NA 

NA 

NA 

1.9 x lo-'' 

0 

7.0 x 10' 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4.3 x IO' 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 



TABLE E N - 2 1  
(CONTINUED) 

Exposure Route>>>>>>> 

Constituent 

. .  
L 

Ingestion Ingestion 
of of 

Vegetable/ Ingestion Ingestion Incidental Dermal Vegetables/ Ingestion Ingestion Ingestion 
Inhalation Fruit of Meat ofMilk Ingestion Contact Fruit ofMeat ofMilk ofMeat 

Ingestion 
of Milk 

Ingestion Dermal , Ingestion 

Drinking While Inhalation Vegetables/ Ingestion Ingestion 
ofMeat ofMilk 

' of Contact of 

Water Bathing ofVOCs Fruits 

~ ~~~ ~ 

1.6 x 10' NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

SUM 4.8 x 10' 1.2 x 10' 13 x 10' 5.1 x lo* 1.4 x 10' 1.1 x 10' 1.1 x 10' 4.5 x 10" 6.6 x 10' 5.2 x 10' 13 x Id 63 x ld 1.4 x 10' 2.1 x Id 3.4 x 10' 5.5 x 10' NA 

'NA - Not applicable. 
bHazard indices calculated using intakes from Table E.III-80 and dose-I;esponse parameters in Table E.4-2. 
'Hazard indices calculated using intakes from Table E.III-86 and dose-response parameters in Table E.4-2. 
dHazard indices calculated using intakes from Table E.III-83 and dose-response parameters in Table E.4-2. 
Wazard indices calculated using intakes from Table E.III-89 and dose-response parameters in Table E.4-2. 
azard indices calculated using intakes from Table E.III-92 and dose-response parameters in Table E.4-2. 
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TABLE E.IV-22 

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Cons then t 

ILCR FOR THE ON-PROPERTY HOME BUILDER, FUTURE LAND USE, 
FUTURE SOURCE TERM 

Buried Pit Material Air Soil* 

External Exposure Inhalation Incidental Ingestion External Exposure Dermal .Contact 

CS-137 + dtr 6.3 x lo'* 6.7 x lo-'' 8.6 x 10" NA 

Np-237 + dtr 7.8 x 109 2.6 x 109 9.2 x 109 NA 

Pu-238 2.3 109 2.0 x 109 4.6 x 10-13 NA 

Pu-239/240 2.4 x 10" 7.1 x lo-'' 1.5 x 10-13 NA 

Ra-226 & Pb-210 + 2 dtrs 7.7 x 10-~ NA NA NA 

Rn-222 + 4 dtrs 7.7 x 10-7 NA NA NA 

Sr-90 + 1 dtr NA' 0 1.5 x lo4 NA 

TC-99 2.4 x lo-'' 2.2 x 10-13 2.7 x lo-'' NA 

Th-230 1.1 x 10-5 1.7 x lo-'' 2.6 x 10-7 NA 
Th-232 + 10 dtrs 1.8 x 10" 1.6 x 10" 1.6 x 10" NA 

U-234 1.4 x 10" 7.7 x 2.2 x lod NA 
U-235 + 1 dtr 1.2 x 10" 7.0 x 10" 7.3 x 10" NA 

U-238 + 2 dtrs 3.9 x 10" 3.7 x 10'~ 5.3 x 10-~ NA 

SUM 2.1 x loJ 2.4 x 10" 2.6 x lod NA 

L 

2.78 x lo4 

Chemical ( f )  (g) (g) 
Aroclor- 1242 NA 1.1 107 NA 2.2 x lo-'* NA 

NA Aroclor-1248 NA 6.1 x NA 

Aroclor- 1254 NA 7.0 x 10-7 NA 2.9 x 10" NA 

Arsenic 7.3 x 10" 1.2 x NA 1.4 x 109 NA 
NA Beryllium 3.1 x 109 2.9 x lod NA 

Cadmium 4.0 x 10-9 NA NA NA NA 

2.6 x 10" 

3.1 x 1 0 5  

Chromium 1.9 x 10-7 NA NA NA NA 

Nickel 5.6 x 109 NA NA NA NA 

Benzo(a)pyrene 5.3 x 10" 4.4 x NA 0 NA 

Benzo(a)anthraceneb 7.3 x 6.9 x 10" NA 0 NA ' 
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TABLE E.IV-22 
(CONTINUED) 

Transfer Media>>>>>>> 

Exposure Route>>>>>>> 

Constituent 

Air Soil* Buried Pit Material 

External Exposure Incidental Ingestion External Exposure Dermal Contact Inhalation 

Benzo(b)fluorantheneb 

Benzo(k)fluoranthene 

Chryseneb 

Indene( 1 ,2,3cd)pyreneb 

Pentachlorophenol 

Tetrachloroethene 

TCDD 

2,3,7,8-TCDF 

HpCDD 

HpCDF 
HXCDD 

HXCDF 

OCDD 

OCDF 

1,2,3,7,8-PECDF 

2.3 ,4,7,8-PECDF 

I 

9.8 x 1013 

2.3 x 10-13 

NA 

5.1 x 
0 

2.8 x 10-l4 

NA 
0 

0 
0 

0 
0 

0 
0 

NA 
NA 

6.3 x 10" 

1.9 x 10" 

1.7 x 109 

2.6 x 10" 

2.1 x 10" 

9.5 x io9 
6.3 x 10" 

6.3 x 10" 

1.1 107 

4.7 x 10-7 

2.0 x 10" 

1.3 x 10" 

7.4 x 10-~ 

1.4 x 10-7 

1.1 x lo= 

2.6 105 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0 

0 

0 

0 

9.8 x 10" 

2.0 x lo= 

1.3 x lo4 

1.3 x lod 

2.3 x' 10" 

9.6 < I 10" 

3.9 x lo= 

2.7 x 107 

1.5 107 

2.9 x 10" 

2.4 x lo4 

4.8 x lo4 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SUM (TEF for PAHs)~ 7.5 x lod 2.8 x loJ NA 4.8 x lo4 NA 
SUM (BaP for PAHs)~ 7.5 x lo4 NA NA NA NA 

* Included exposed pit material. 
a NA - Not applicable. 
Risks calculated based on TEF approach for PAHs. Totals calculated for both TEF and BaP approach. 
Risks calculated using intakes from Table E.III-96 and dose-response parameters from Table E-4.1. 
Risks calculated using intakes from Table E.III-99 and dose-response parameters from Table E-4.1. 
Risks calculated for this exposure pathway are provided in Table EN-36. 
Risks calculated using intakes from Table E.II-97 and dose-response parameters from Table E-4.2. 
Risks calculated using intakes from Table E.III-100 and dose-response parameters from Table E-4.2 

.. 

'E-IV-30 
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FEMP-01RI4 D m  

Transfer Media>>>>>>> 
Exposure Route>>>>>>> 
Constituent 

TABLE E N - 2 3  

~~ 

Air Soil' 

Dermal Contact Incidental 
Inngestion Inhalation 

HAZARD QUOTIENTS FOR THE ON-PROPERTY HOME BUILDER, 
FUTURE LAND USE, FUTURE SOURCE TERM 

Chemicals (a) @) (b) 
Antimony 0 5.3 x 10-l 3.7 x 10' 
Arsenic 0 1.6 x 10' 1.7 x lo4 
BariWll 3.6 103 6.1 x 10" 7.1 x lo4 
Beryllium 0 9.4 x 10-~ 9.8 x lo-' 
Boron 4.4 x 6.8 x 1.4 x lo-' 
Cadmium 0 2.3 x lo-' 4.8 x lo-' 
Chromium 0 4.9 x 10' 4.4 x 10' 
cobalt 2.3 x lo-' 2.0 103 4.8 x 10" 
copper 0 8.9 x 10-3 1.5 104 

Mawq= 7.0 x lo-' 3.1 x lo-' 1.1 x 10-I 

Mol yMenum 0 1.6 x 10-3 3.6 103 
Nickel 0 8.0 x 10-3 4.1 x 104 

Silver 0 1.0 x 10' 0 

Tin 0 1.8 x 104 3.7 x l o 5  

VZllWliUm 0 5.3 x lo2 1.1 x l o2  
zinc 0 4.3 x 104 1.9 x 10" 

NA 3.0 x 10" 2.2 x lo4 
Tetrachloroethene 
Acenaphthene 
Anthracene NA 8.3 107 8.5 105  
Fluoranthene NA 2.5 105 1.9 x 10-~  
Fluorene NA 5.3 x 10" 7.5 x lo4 
Naphthalene NA 2.5 105 2.8 x 104 
pyre= NA 2.8 105 2.0 10-3 
4-Nitrophenol NA 3.5 1 0 5  9.4 x 10" 
Tnbutyl phosphate NA 1.3 x 10' 4.7 x lo-' 

Cyanide 0 NAC NA 
Lead 0 0 0 

Mercury 6.2 105 NA NA 

Selenium 0 NA NA 

Thallium 0 NA NA 

Uranium 0 2.9 x 10' 6.1 x 10' 

NA 2.8 x 104 1.3 x 10' 

3.0 x 10' 6.2 x 10' SUM 3.0 x 10' 

'Hazatd Indices calculated using intakes in Table E.111-101 and dose-response parameters in Tables E.4-2 

bHazard Indices calculated using intakes in Table E.111-98 and dose-response parameters in Tables E.4-2. 
%A - Not applicable. 
'Includes exposed pit materials. 

and E.4-5. 



FEMp-olRI4 D m  
October 12. 1993 

Transfer Media>>>>>> 

Exposure Route?>>>>> 

TABLE E.N-24 
v- 

ILCR FOR THE ON-PROPERTY ADULT @ME) PERCHED GROWWATER USER, 
FUTURE LAND USE, FUTURE SOURCE TERM 

Perched Groundwater 

Ingestion constituent 

Radionuclide‘ 

CS-137 + 1 dU 1.2x 10“ 
Np-237 + 1 dtr 8.1 10” 

h-238 5.3 x 10“ 

h-239/240 5.8 10-~  

Ra-226 + 8 dtrs 2.7 10” 

Sr-90 + 1 dtr 7.2 10-~ 

Th-230 2.0 10-~ 

Th-232 + 10 dtrs 4.3 10’7 

u-234 1.2 x 10-l 

5.9 x lo-’ 

TC-99 1.7 x 10“ 

U-235 + 1 dtr 

U-238 + 2 dtrs 

2.2 x 

SUM 73 x 10’’ 
(5.2 x 

Chemical 

Armlor-1248 1.1 x lo4 
Armlor-1254 

Arsenic 

2.1 x lo-* 

3.1 x lo-’ 
Be@liUIXl 2.4 10” 

Benzo(a)anthracenec 1.2 x 

Benzo(a)pyrene 8.0 x 10” 

Benzo(b)fluoranthenec 9.9 x lo“ 

Benzo(k)fluoranthenec 

Chrysene’ 

4.2 x lo4 

3.5 10” 
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TABLE EN-24 
(Continued) 

Transfer Media>>>>>> 

Exposure Route?>>>>> 1 Perched Groundwater 

Constituent Ingestion 

TCDF 

HPCDD 
HpCDF 

HXCDD 

HXCDF 

OCDD 

OCDF 

1,23,7,8-PeCDF 

2,3,4,7,8-PeCDF 

Pentachlorophenol 

Tetrachloroethene 

Vinyl chloride 

2.3 x 10" 

3.9 x 10-~ 

8.3 x 10" 

3.2 x 104 

5.0 x 10' 

7.4 x 10" 

4.5 x lo4 

2.0 x 10' 

2.3 10" 

6.6 x 10' 

2.0 x 10' 

5.1 x 10-2 

SUM (TEF for PAHs)' 
SUM (BaP for PAHs)' 

1.4 x 10" 

1.8 x 10" 

(13 x 1O')b 
. .. 

aisks calculated using intakes in Table E.III-58 and dose-response parameters in Table E.4-2. 
bCalculated using the one-hit model. 
'Risks calculated based on TEF approach for PAHs. Totals calculated for both TEF and BaP 
approach. 

kisks calculated using intakes in Table E.III-57 and dose-response parameters in Table E.4-1. 



FEhP-OlRI-4 DRAFT 
October 12. 1993 

I e==-- 4 TABLE E.IV-25 

HAZARD QUOTIENTS FOR THE ON-PROPERTY ADULT (RME) PERCHED 
GROUNDWATER USER, FUTURE LAND USE, FUTURE SOURCE TERM a 
Transfer Media>>>>>> 
Exposure Route>>>>>> 
Constituent Dinking Water 

Perched hundwater 

chemical 
Antimony 6.5 x 10' 
Arsenic 5.8 x 10' 
Barium 7.7 x lo-' 
Beryllium 1.1 x lo-' 
Boron 8.9 x lo-' 
Cadmium 6.4 x 1$ 
chromium 7.1 x lo-' 
Cobalt 1.6 x lo-' 
Copper 7.0 x lo-' 
Cyanide 5.0 x 1 4  
Lead 0 
-gaoese 1.3 x 10' 

Molybdenum 6.4 x I d  
Nickel 2.9 x 1 4  
Selenium 2.1 x 

M=cw 2.0 x 14 

Silver 3.7 x lo-' 
Thallium 3.5 x I d  
Tin 3.8 x 1U' 
Uranium 4.6 x I d  
Vaaadium 5.6 x 1$ 
zinc 1.6 x lo-' 
Acenaphthene 1.8 x lo-' 

Fluoranthene 2.8 x lo-' 
Fluorene 2.8 x 
Naphthalene 1.1 x 1u2 
Phenanthrene 0 
pyre= 3.7 x 
4-Nitrophenol 4.5 

Anthracene 3.7 

Pentachlorophenol 1.8 x lo-' 
Tetrachloroetbene 3.8 x lo-' 

SUM 5.7 x Id 

'Hazard Indices calculated using intakes in Table E.III-59 and dose-parameten in Table E.4-2. 
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Transfer Media>>>>>> 
Exposure Route>>>>>> 
Constituent 

TABLE Em-26 

ILCR FOR THE ON-PROPERTY ADULT (CT) PERCHED GROUNDWATER USER, 

Perched Groundwater 

Drinking Water 

FUTURE LAND USE, FUTURE CONDITIONS 

'Risks calculated Using intakes in Table EJII-75 and dose-response parameters in Table E.41. 
"Calculated using the one-hit model. 

0 -  . 
1.2 # ' 
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PPAZARP) QUOTIENTS FOR THE ON-PROPERTY ADULT (CT) FERCHED 
GROUNDWATER USER, FUTURE LAND USE, FUTURE SOURCE TERM 

Transfer Media>>>>>>> 
Exposure Route>>>>>>> Perched Groundwater 

constituent 1 Drinking Water 

AntimOtly 3.5 x 10' 
Arsenic 3 2  x 10' 
Barium 4 2  x 10' 
Beryllium 6.2 x 10' 
Boron 4.9 x 10' 
cadmium 3.6 x 102 
chromium 3.9 x 10' 
Cobalt 8.5 x 10' 
Copper 3.8 x 1 0 '  
cyanide 1.1 103 
Lead 0 
Maw== 7 2  x loo 
Me- 
Molybdenum 3.4 x 102 

Selenium 1.1 x 10' 
Silver 2.0 x l o 1  

Tin 22 x 1 0 '  

zinc 9.0 x 10' 
AcenaphtheOe 1.0 x 10' 
Anthracene 2.0 103 

Fluorene 1.5 x 10' 
Naphthalene 6.0 1 0 3  
Phenanthrene 0 
Pvrem 
4Nimphenol 2.5 103 
Pentachlorophenol 1.0 x l o 1  
Tetrachloroethene 2.1 x lo-' 

chemical 

1.1 x loD 

Nickel 1.6 x le 

Thallium 1.8 x 102 

Uranium 25 x l@ 
V d U m  3.1 x 10' 

Fluorantkne 15 x 10' 

2.0 x 10' 

SUM 3.1 x lw  

'Hazard Indices calculated using intakes in Table Em-77 and dose-parameters in Table E4-2. 
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Transfer Media>>>>>> 
Exposure Route>>>>>> 
coostituent 

TABLE EIV-28 

Perched Groundwater 

Drinking Water 

47 

'Risks calculated using intakes in Table EJII-94 and dose-parameters in Table E.4-2. 
bCalculated using tbe --hit model. 
SRiSks calculated for PAHs based on TEF approach total are calculated for both TFiF and BaP 
approad 
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Transfer Media>>>>>> 
Exposure Route>>>>>> 
Constituent 

-* 3 TABLE E.IV-29 

Perched Groundwater 
Drinking Water 

HAZARD QUOT"S FOR THE ON-PROPERTY CHILD PERCHED GROUNDWATER 
USER, mJTuRE LAND USE, FUTURE SOURCE TERM 

%azard Indices calculated using intakes in Table E-III-95 and dose-response parameters in 
Table E4.2. 
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TABLE E.IV-30 

RISKS FROM PENETRATING RADIATION' 
CURRENT CONDITIONS - BURIED PIT MATERIAL 

TRESPASSING CHILD UNDER CURRENT LAND USE WITHOUT ACCESS CONTROLS 

Fraction of Time 
Spent Exposed Total 

Surface Area Over Sourceb Dose Rate' Exposured Riskd 
source (unitless) (mRem/hr) (mRem/Life) (risk/Life) 

Pit 1 

Pit 2 

Pit 3 

Pit4 

Pit 5 

Pit 6 

Bum et 

Clearwell 

7680 

4170 

22400 

7790 

NA' 

NA' 

NA' 

2020 

0.05 1 

0.028 

0.148 

0.052 

NA' 

NA' 

NA' 

0.0 13 

0.024 

0.057 

0.044 

7.8 x lom6 

NA' 

NA' 

NA' 

0.14 

3.0 

3.9 

16 

0.0010 

NA' 

NA' 

NA' 

4.7 

1.9 x lo6 
2.4 x 106 
1.0 105 

NA' 

NA' 

NA' 

6.3 x 10" 

2.9 x l o 6  

Total Risk 1.7 x 10' 

These risks are in addition to risks associated with penetrating radiation from surface soils. 
bCalculated as the source area divided by the total area available to a roaming trespassing child. (Area 
of OUI = 151000 m2) 

Qesults of Microshield calculations (Table E.3-8) 
%e product of the dose rate (mRem/hr), the exposure time (4 hr/d), the fraction of time exposed 
(unitless), the exposure frequency (52 d/y). and the exposure duration (12 years). 

T h e  product of the total exposure (mRem/Life) and the dose-to-risk conversion factor from the WPA 
(6.2 E-7 risk/mRem) (DOE, 1993a). 
'Source covered by deep standing water. Exposures to an individual standing on the shoreline are 
negligible. 
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RISKS FROM PENETRATING RADIATION' 

VISITOR UNDER CURRENT LAND USE WITH ACCESS CONTROLS 

Db 

CURRENT CONDITIONS - BURIED PIT MATERIAL 

Fraction of Time 
Spent Exposed Total 

Surface Area Over Sourceb Dose Rate' Exposured Riskd 
source (m2> (Unitless) (mRem/hr) (mRem/Life) (ri-ife) 

~~ 

Pit 1 

Pit 2 

Pit 3 

Pit 4 

Pit 5 

Pit 6 

Bum Pit. 

Clearwell 

7680 

4170 

22400 

7790 

NA' 

NA' 

2020 

NA' 

0.05 1 

0.028 

0.148 

0.052 

NA' 

NA' 

NA' 
0.013 

0.024 

0.057 

0.044 

7.8 x lo4 

NA' 

NA' 

NA' 
0.14 

15 

20 

82 

0.005 1 

NA' 
NA' 

NA' 
23 

9.5 x 

1.2 x 10-~  

5.1 x 

3.1 

NA' 

NA' 

1.5 10'~ 

NA' 

Total Risk 8.7 x 

These risks are in addition to risks associated with penetrating radiation from surface soils. 
bCalculated as the source area divided by the total area available to a roaming visitor. (Area of OU1 = 

aesults of Microshield calculations (Table E.3-6) 
%e product of the dose rate (mRem/hr), the exposure time (2 hr/d), the fraction of time exposed 
(unitless), the exposure frequency (250 d/y), and the exposure duration (25 years). 

%e product of the total exposure (mRem/Life) and the dose-to-risk conversion factor from the WPA (6.2 
E-7 risk/mRem) (DOE, 1993a) 
'Source covered by deep standing water. Exposures to an individual standing on the shoreline are 
negligible. 

151000 m2) 
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TABLE E.IV-32 

RISKS FROM PENETRATING RADIATION' 

TRESPASSING CHILD UNDER CURRENT LAND USE WITHOUT ACCESS CONTROLS 
FUTURE CONDITIONS - BURIED PIT MATERIAL 

Fraction of Time 
Surface Spent Exposed Total 

A m  Over ~ o u r c e ~  Dose Rate' Exposured Riskd 
source <m2> (unitless) (mRem/hr) (mRem/Life) (Risk/Life) 

Pit 1 

Pit 2 

Pit 3 

Pit 4 

Pit 5 

Pit 6 

Bum Pit. 

Clearwell 

7680 

4170 

NA' 

7790 

NAB 

NAB 

2020 

NAB 

0.051 

0.028 

NA' 

0.052 

NAg 

NAB 

0.013 

NAB 

0.024 

0.057 

NA' 

7.8 x 

NAg 

NAg 

0.14 

NAB 

3.0 

3.9 

NA' 

0.0010 

NAg 

NAg 

4.7 

NAg 

1.9 x 10" 

NA' 

2.4 x lo6 

6.3 x lo-'' 

NAB 

NAg - 
2.9 x 

NAg 

Total Risk 7.2 x 10-6 

'These risks are in addition to risks associated with penetrating radiation from surface soils. 
bCalculated as the source m a  divided by the total area available to a roaming trespasser. (Area of OU1 = 

aesults of Microshield calculations (Table E.3-8). 
%e product of the dose rate (mrem/hr), the exposure time (4 hr/d). the fraction of time exposed 
(unitless), the exposure frequency (52 d/y), and the exposure duration (12 years). 

%e product of the total exposure (mrem/Life) and the dose to risk conversion factor fmm the WPA 
(6.2 E-7 nsk/mrem) (DOE, 1993a). 

'Source has no cover and exposed material is assessed as surface soil. 
%ource covered by deep standing water. Exposures to an individual standing on the shoreline are 
neghgible. 

151000 m2) 

J 
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TABLE EN-33 

RISKS FROM PENETRATING RADIATION' 
FUTURE CONDITIONS - BURIED PIT MATERIAL 

ON-PROPERTY RME ADULT UNDER F'UTURE LAND USE 

Fraction of Time Total Time 
Spent Exposed Spent Exposed Total 

Surface AM Over sourceb to sourcec Dose Rated ExposureC Risk' 
source <m2) (unitless) @/Lifetime) (me&) (mRem/Life) (risk/Life) 

Pit 1 

Pit 2 

Pit 3 

Pit 4 

Pit 5 

Pit 6 

Bum Pit, 

Clearwell 

7680 

4170 

NAB 

7790 

N A ~  

N A ~  

N A ~  

2020 

0.05 1 

0.028 

NAB 

0.052 

N A ~  

N A ~  

N A ~  

0.013 

31010 

16838 

NAB 

453159 

N A ~  

N A ~  

N A ~  

1338 

0.024 

0.057 

NAB 

7.8 x 

NA 

NA 

N A ~  

0.14 

744 

960 

NAB 

3.6 

N A ~  

N A ~  

N A ~  

187 

4.6 x 

6.0 x 10" 

NAB 

2.2 x lo4 

N A ~  

N A ~  

1.2 x io4 

N A ~  

lS2 4 Total Risk 

IThese risks are in addition to risks associated with penetrating radiation from surface soils. 
bCalculated as the source area divided by the total area available to an on-property adult ( A m  of 
OUI = 151,ooorn2). 

CAssumes RME spends 350 d/y (8400 hr/y) on-property for 70 years. 2000 hr/y of this time is spent 
outdoors, and the remaining 6400 hr/y is spent indoors. The RME f m s  Pits 1 and 2 for 800 hr/y over 
50 years. Thus the RME spends 448200 hrs indoors in structures build on Pit 4; 40.000 hrs on pits 1 
and 2; and the remaining 100,OOO hrs roaming randomly over the operable unit. Shielding by the home 
is not considered in this calculation 

dResults of Microshield calculations flable E.3-8). 
'"'he product of the dose rate (mRrem/hr), and the total time exposed (hdlifetime). 
?he product of the total exposure (mRrem/Life) and the dose to risk conversion factor from the WPA (6.2 
E-7 risk/mRem) (DOE, 1993a). 

%over over source is gone. Exposed waste mated as surface soil (Table EN-54). 
hSource covered by deep standing water. Exposures to an individual standing on the shoreline are 
neghgible. 
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TABLE Em-34 

L --- RISKS FROM PENETRATING RADIATION 
FUTURE CONDITIONS - BURIED PIT MATERIAL 

ON-PROPERTY CT ADULT UNDER RJTURE LAND USE" 

Fmtion of Time Total Time 
Surface Spent Exposed Spent Exposed Total 

source (m2) . (UnitleSS) (hrbifetime) (mRem/hr) (mRem/Life) (riskiLife) 
Area Over sourceb to Sourcec Dose Rated ExposureC Risk' 

Pit 1 

Pit 2 

Pit 3 

Pit 4 

Pit 5 

Pit 6 

Bum Pit . 

Clearwell 

7680 

4170 

NAP 

7790 

N A ~  

N A ~  

2020 

N A ~  

0.05 1 

0.028 

NAg 

0.052 

N A ~  

N A ~  

N A ~  

0.013 

4758 

2583 

NAg 

45093 

N A ~  

N A ~  

N A ~  

24 

0.024 

0.057 

NAg 

7.8 x lo4 

N A ~  

N A ~  

N A ~  

0.14 

114 

147 

NAP 

0.4 

N A ~  

N A ~  

3 

N A ~  

7.1 10-5 

9.1 105 

2.2 

NAP 

N A ~  

N A ~  

2.1 x 10-6 

N A ~  

Total Risk 1.6 x lo"' 

These risks are in addition to risks associated with penetrating radiation from surface soils. 
bCalculated as the source area divided by the total area available to an on-property adult. (Area of 
OU1 = 151.000 m'). 

"Assumes the CT spends 250 d/y (6ooo hr/y) for 9 years on-property. 1,000 hr/y of this time is spent 
outdoors and the remaining 5000 hr/y is spent indoors. The RME farms Pits 1 and 2 for 800 hr/y 
over 9 years. Thus the CT spends 45,000 hrs indoors in structures build on Pit 4; 7.200 hrs on Pits 1 
and 2; and the remaining 1.800 hrs roaming randomly over the operable unit. Shielding by the home 
is not considered in this calculation. 

'kesults of Microshield calculations (Table E.3-8) 
The product of the dose rate (mrem/hr), the exposure time (4 hr/d), the fraction of time exposed 
(unitless), the exposure frequency (52 d@), and the exposure duration (12 years). 

'The product of the total exposure (mredi fe )  and the dose to risk conversion factor from the WPA 
(6.2 E-7 risk/mrem) (DOE, 1993a) 

%over over source is gone. Exposed waste treated as surface soil (Table EN-74) 
hSource covered by deep standing water. Exposures to an individual standing on the shoreline are 
neghgable. 
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TABLE Em-35  1 

p -r -47 6 ZRISKS FROM PENETRATING RADIATION 
? FUTURE CONDITIONS - BURIED PIT MATERIAL 

ON-PROPERTY CHILD UNDER F"URE LAND USE" 

Fraction of Time Total Time 
Surface Spent Exposed Spent Exposed Total 
Area Over sourceb to sourcec Dose Rated ExposureC Risk' 

source <m2) (UnitleSS) (hr/Lifetime) (mrem/hr) (mRem/Life) (risk/Life) 

Pit 4 7790 1 .o 50400 7.8 x lod 0.4 2.4 1 0 7  

Total Risk 2.4 x lo7 

These risks are in addition to risks associated with penetrating radiation from surface soils. 
?'he mobility of a child aged 1-6 is assumed to be restricted to vicinity of the home on Pit 4 
c A s ~ u m ~  the child spends 24 hr/d, 350 d/y for 6 years in or near the home 
kesults of Microshield calculations (Table E.3-8) 
The product of the total time exposed (hrLife) and the dose rate (mRem/hr) 
%e product of the total exposure (mRem/Life) and the dose to risk conversion factor from the W A  
(6.2 E-07 risk/mRem) (DOE, 1993a) 

E-N-44 
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TABLE Em-36 -. - 
RISKS FROM PENETRATING RADIATION 

FUTURE CONDITIONS - BURIED PIT MATERIAL 
ON-PROPERTY HOME BUILDER UNDER FUTURE LAND USEA 

Fraction of Time Total Time 
Surface Spent Exposed Spent Exposed Total 

Area Over sourceb to sourcec Dose Rated Exposuree Risk' 
source <m2) (unitless) (hr/Lifetime) (mRem/hr) (mRem/Life) (risk/Life) 

Pit 4 7790 1 .Ooo 548000 7.8 x lo6 4.3 2.7 x 

Total Risk 2.7 x 

These risks are in addition to risks associated with penetrating radiation from surface soils. 
bAssumes the home is built on Pit 4, as described in the concephlal model. 
'Assumes the home builder builds a house in 500 hours (NRC 1984) 
dResults of Microshield calculations (Table E.3-6) 
"The product of the total time exposed (hr/Life) and the doserate (mRem/hr) 
'The product of the total exposure (mrem/Life) and the dose to risk conversion factor from the WPA 
(6.2 E-7 risk/mRem) (DOE, 1993a) 

\ .  


